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ABSTRACT 
This thesis is divided into three major integrated parts centring around the theme 
of Proterozoic crust-mantle evolution in central Australia. They are (1) geochemical, 
geochronological and isotopic studies of Proterozoic granitoids and mafic amphiblites in 
the eastern Arunta Inlier, central Australia; (2) geochemical and isotopic investigations of 
late Proterozoic mafic dyke swarms in central-southern Australia and their implications 
for crust-mantle evolution and origin of the intracratonic sedimentary basins in the region; 
and (3) Sm-Nd, U-Pb zircon and REE investigations of sediments from the Amadeus 
Basin, central Australia, with emphasis on the origin and provenance of the sediments. 
Part I 
SHRIMP U-Pb zircon ages determined for ten major granite suites in the eastern 
Arunta Inlier, combined with those previously reported, allow a systematic 
geochronological framework to be established in the region. This study suggests (1) 
major granitic activities in the Arunta Inlier can be grouped into at least six episodes: 
1850-1880 Ma, 1820 Ma, 1750-1780 Ma, 1710-1730 Ma, 1650-1660 Ma and 1600-
1615 Ma; (2) the dominant orogenic event occurred during 17 50-1780 Ma, when the 
majority of syntectonic granitoids were intruded, in contrast with the significantly older 
1850-1880 Ma Barramundi Orogeny considered to be predominant further north in central 
Australia. 
Geochemical and Sm-Nd isotopic studies of major granite suites in central 
Australia allow three major geochemical groups to be identified, which are a 
Calcalkaline-trondhjemitic Group (CAT), a Normal Group and a High-heat-production 
Group (HHP). They can be further subdivided into different age and geochemical 
subgroups, respectively. The CAT Group, which occurs only in the southern margin of 
the Arunta Inlier, is characterised by highest Na20, Na/K, Sr, K/Rb and Sr/Y, and 
lowest K10, Rb, Rb/Sr, Th, U, REE, Nb and Y if compared with other groups. It can 
be subdivided into a gabbro-diorite-tonalite-trondhjemite (GDTT) subgroup and a 
tonalite-trondhjemite-granodiorite (TTG) subgroup, the former analogous to modem calc-
alkaline suites occurring in convergent plate margins, and the latter more like the 
ubiquitous Archean TTG suites. The Normal Group, the dominant group occurring 
throughout the Arunta Inlier, is mainly K-rich, and geochemically intermediate between 
the CAT and HHP Groups. It can be subdivided into four age subgroups, 1820 Ma, 
1750-1780 Ma, 1650 Ma and 1600-1615 Ma, respectively. By comparison with the 
Palaeozoic I-type granites, the Normal Group is overly enriched in K10, Rb, Th, U, Zr, 
Y and LREE and depleted in MgO, CaO, Sr, Ni and Cr. The HHP Group, which occurs 
mainly in the inland area of the Arunta Inlier and is spatially associated with preexisting 
suites of the Normal Group, is characterised by highest K, Rb, Th, U, Rb/Sr and Rb/Zr, 
and lowest Sr, Ba, Na/K, K/Rb, Ba/Rb, MgO, Cr and Ni among the three. However, on 
the spiderdiagrams, all the three groups show similar negative Nb anomalies. 
Despite of the large geochemical diversity in the Arunta granites, no correlations 
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between the Nd isotopic and geochemical signatures are observed. The ranges of initial 
ENd values and Nd depleted mantle model ages (Tri~) for the three groups of granites 
considerably overlap each other. Overall, there are two groups of tri~ ages with the 
dominant one ranging from 1.96 to 2.33 Ga, and the other from 1.72 to 1.83 Ga. At a 
given crystallization age, initial ENd values show large variations, whilst the initial ENd 
values generally increase with decreasing crystallization ages. 
In conjunction with studies of the Arunta granites, geochemical and Sm-Nd 
isotopic investigations were also undertaken on mafic amphibolites in the Alice Springs 
area, southern Arunta Inlier, which led to the recognition of two groups of amphibolites, 
one characterised by flat to LREE-depleted patterns and positive initial ENd values (+4.2 to 
+5.1), and one typical of LREE-enriched patterns and negative ENd values (-1.0 to -2.8). 
Both groups show geochemical affinities to island arc tholeiites. 
All the above igneous rocks occurring in the Arunta Inlier can be interpreted in a 
plate-tectonic scenario. An integrated igneous petrogenetic model for the origin of the 
igneous rocks has been formulated, in which the igneous precursors of the arc-type 
amphibolites were derived from slab-component metasomatised mantle wedge, the CAT 
Group by fractionation and/or partial melting of the arc-type underplates or intrusions, the 
Normal Group by partial melting of fractionated arc-type intrusions or underplate and the 
HHP Group by remelting of preexisting granitic sources such as the Normal Group 
granites. 
Mixing model, which involves a newly derived mantle component and an older 
crustal component probably in the form of subducted sediments or preexisting lower 
crust, is preferred for the interpretation of Nd isotopic compositions in granitoids and 
mafic rocks of the Arunta Inlier. The older crustal component may have become 
progressively younger with time as a result of increasing proportions of newly accreted 
island-arc materials incorporated in the subducted sediments. A derivation of the Nd 
isotopic signatures from an isotopically uniform 2.1-2.3 Ga mafic underplate is rejected. 
However, it is considered that the formation of Nd isotopic signatures in these rocks must 
have involved complex processes and neither simple mixing nor simple two-stage 
protolith model can satisfactorily explain the observations. In addition, considering the 
large uncertainties involved in constraining the different components and magma 
generation processes, caution must be taken in using Nd isotopic data for modelling the 
growth rates of the continental crust. 
Tectonically, the Arunta Inlier was located on the southern margin of the Northern 
Australian Orogenic Province, where subduction-related plate tectonics may have been in 
operation during the period of 1.9 to 1.7 Ga. The Arunta Inlier itself may represent 
amalgamation of a series of island-arc, back-arc basin accretionary complexes developed 
along the margin of the 1.88 Ga continental crust further north. Evidence which 
supports the plate tectonic concept includes: (1) zircon U-Pb and Nd model age 
constraints suggesting the Arunta Inlier represents a crustal terrain boundary bordered to 
the south by the significantly younger Musgrave Inlier; (2) the presence of arc- and 
MORB-type metavolcanics and subduction-related calcalkaline suites and exclusive 
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absence of mafic volcanics with within-plate signatures; (3) general occurrence of 
negative Nb anomalies in all igneous rocks suggesting they or their sources or the sources 
of their sources were subduction-related; (4) geochemical polarity across the Arunta 
Inlier; (5) Nd isotopic constraints suggesting mixing between a mantle-derived 
component and an older continental component through subduction of sediments; and (6) 
the unique geochemical and Nd isotopic constraints from post-tectonic Stuart Dyke 
Swarm (see Part II). 
The alternate ensialic rifting tectonics of Etheridge et al. (1987) fails to explain 
many observations in the Arunta Inlier although it may be applicable for the tectonic and 
crustal evolution further north in central Australia. A number of problems with the 
ensialic model have been outlined in the thesis. 
Part II 
Part II of this thesis is aimed at geochemical and Sm-Nd isotopic investigations of 
Late Proterozoic mafic dyke swarms in central-southern Australia. Through Sm-Nd 
mineral isochron dating of mafic dykes, two episodes of mafic magmatism in central-
southem Australia (1075-1090 Ma, 790-870 Ma) have been delineated. Such a study 
also provides an improved method for relatively reliable and precise dating of mafic 
igneous rocks. 
The study of the 1080 Ma mafic dyke swarms in central Australia demonstrates: 
(1) the continental lithospheric mantle (CLM) can be formed as a result of continental 
crust formation at convergent plate margins through oceanic crust subduction; and (2) 
partial melting of subduction-modified CLM during post-tectonic events is possible and 
some post-tectonic dyke swarms may have resulted from this process. 
The study of the -800 Ma mafic dyke swarms and flood basalts in central-
southem Australia suggests they were derived by decompression melting of a large-scale 
mantle plume impinging upon the base of the continental lithosphere in the region. Large-
scale crustal extension followed by thermal subsidence as a result of the plume activity 
may have been responsible for the formation of the broad sedimentary basins in central-
southem Australia. 
Part III 
In Part III of this thesis, combined Nd and detrital zircon U-Pb constraints have 
been obtained which suggest that the sediments of the Amadeus Basin have an at least 
two-component-mixing provenance. They were probably derived by mixing of materials 
derived from the Arunta and Musgrave Inliers or their equivalents with those from the 
Musgrave Inlier increasing in stratigraphically higher sequences. 
The study of the sediment provenance reveals a rare case of REE fractionation 
during sedimentation as a result of sorting, syn-deposition chemical reaction or post-
depositional diagenesis. A theoretical model for REE fractionation and a refined way for 
constraining the sediment provenance ages have been developed. 
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CHAPTER 1. INTRODUCTION 
1.1 INTRODUCTION 
This thesis incorporates three broad, inter-related sub-projects centring around the 
theme of crust-mantle evolution in central Australia during the Proterozoic: 
(1) Geochemical, geochronological and isotopic studies of Early Proterozoic 
granitoids and mafic rocks in the Arunta Inlier, central Australia: implications for 
Proterozoic tectonics and crustal evolution; 
(2) Geochemical, geochronological and isotopic studies of Late Proterozoic mafic 
dyke swarms in central-southern Australia: implications for crust-mantle evolution and 
formation of sedimentary basins; 
(3) Sm-Nd and zircon U-Pb isotopic studies of the sediments from the Late 
Proterozoic to Late Palaeozoic Amadeus Basin, central Australia: implications for 
sedimentary provenance and. REE fractionation. 
Additional studies of the Late Proterozoic ophiolites and Carboniferous bimodal 
volcanics in South China will not be included in the main text of this thesis. However 
research papers derived from these joint studies are given in Appendices 12 and 13. 
1.2 THE PROBLEM 
The Proterozoic Era forms more than 40% of the Earth's history and therefore the 
study of Proterozoic continental crust is crucially important for the understanding of the 
Earth evolution. Many Proterozoic terrains are found to have experienced complex and 
repeated deformation, metamorphism, magmatism and uplift and therefore, a complete 
understanding of tectonic and crustal evolution history in the Proterozoic is usually 
difficult to establish. 
Many problems remain unsolved or unsolvable in the Proterozoic research. For 
instance, how did the Proterozoic continental crust and lithospheric mantle form? Where 
has the Proterozoic oceanic crust, which must have existed but little survived, gone? 
What is the relationship between the continental crust and continental lithospheric mantle? 
What sorts of mechanisms are responsible for mantle to crust, lower crust to upper crust, 
upper crust to supracrust differentiation and recycling? Has the continental crust been 
growing through time? What were the tectonic styles in the Proterozoic? How important 
were plate tectonics and mantle plume activity in the Proterozoic? 
Studies of a variety of geological systems in the Proterozoic using various 
techniques and approaches may provide valuable constraints on the above proposed 
problems. For instance, U-Pb zircon age determination of Proterozoic granites may 
allow a geochronological framework to be established in a Proterozoic terrain. 
Geochemical and isotopic studies of these granites may provide an image to their source 
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and petrogenetic processes. The investigations of the mafic rocks in a Proterozoic terrain 
may provide information about crust-mantle evolution and tectonics in the region. Mafic 
dyke swarms are important time-markers which usually punctuate major crustal extension 
events. Studies of such dyke swarms are important for understanding the relative roles of 
continental lithospheric mantle, asthenospheric mantle, deep mantle plumes and crustal 
contamination in the origin of these dykes as well as understanding the mechanisms for 
crustal extension and basin evolution. 
1.3 AIMS OF THIS STUDY 
It is beyond the scope of this thesis to tackle all the problems mentioned above. 
However, a systematic study using a variety of techniques on a number of inter-related 
issues may provide important insights into the crust-mantle evolution in central Australia. 
Following are the major goals of this study: 
(1) Use SHRIMP U-Pb zircon dating technique to obtain the crystallization ages 
of major granite suites in the eastern part of the Arunta Inlier in order to establish a 
systematic geochronological framework in the region; 
(2) Characterise geochemical and Nd isotopic variations among granite suites in 
the Arunta Inlier and establish petrogenetic models for their origin; 
(3) Characterise mafic rocks in the southern Arunta Inlier and establish 
petrogenetic models for their origin; 
(4) Integrate geochemical and isotopic features of the granites and mafic rocks and 
derive a self-consistent tectonic and crustal evolution model for the Arunta Inlier; 
(5) Use a refined Sm-Nd mineral isochron technique to obtain reliable 
crystallization ages of major Late Proterozoic mafic dyke swarms in central-southern 
Australia; 
(6) Use geochemical and isotopic data to characterise the relative roles of 
continental lithospheric mantle, asthenospheric plume mantle and crustal contamination in 
their petrogenesis; 
(7) Understand the origin and evolution of the continental lithospheric mantle 
underlying central Australia; 
(8) Understand the relationships between the mafic dyke swarms and the 
formation of the intracratonic sedimentary basins in central-southern Australia; 
(9) Use combined Sm-Nd and U-Pb zircon techniques to understand the 
provenance of the sediments in the Amadeus Basin and their relationships to the 
basement blocks; 
(10) Synthesize all the available data from central-southern Australia to constrain 
models for Proterozoic crust-mantle evolution in the region. 
(11) Review existing models of crustal evolution and test them against new data 
and interpretations. 
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1.4 ORGANISATION OF THIS THESIS 
This thesis is divided into three main parts, which correspond to the three major 
sub-projects described above. Part One (Chapters 2-7) is on the granites and mafic 
amphibolites in the Arunta Inlier. It will start with a chapter reviewing major tectonic and 
crustal evolution models in the Proterozoic, followed by three chapters concentrating on 
the establishment of geochronological framework and geochemical and isotopic 
characterisation of granites and mafic amphibolites in the Arunta Inlier, a last chapter 
devoting to the formulation of a working tectonic evolution model for the region. The 
main contents of Chapters 4 and 5 have been incorporated into two research papers 
presented in Appendices 9 and 10, respectively. In order to avoid repetition, only the 
main points of the papers will be outlined in these two chapters. 
Part Two (Chapters 8-10) is on the mafic dyke swarms in central-southern 
Australia, and consists of three chapters with the first on dating of the dyke swarms, the 
second on the 1080 Ma dyke swarms and their implications for the nature of the 
continental lithospheric mantle in the region, and the third on the 800 Ma dyke swarms 
and their correlatives and their implications for plume tectonics and basin formation. 
Chapter 8 includes only a brief summary of the study on dating of the dykes. The 
detailed information has been written into a research paper and presented in Appendix 11. 
However, Chapters 9 and 10 represent only a slight modification and amplification of the 
two research papers already submitted. In order to avoid repetition, the two papers will 
not be shown in the Appendices (See the statement in each chapter). 
Part Three (Chapter 11) is on the provenance of the Amadeus Basin sediments 
and again only the main points will be outlined in the Chapter. The detailed information 
has been published and a copy of the paper presented in Appendix 8. 
Because most of the data accumulated during the course of this study are either 
published or in the process of being so, the detailed data plus analytical techniques and 
geological background informations will not be given in the main text but in the 
Appendices. 
Part I: 
Early Proterozoic Granitoids and Mafic Rocks in the Arunta 
Inlier, Central Australia 
(Including Chapters 2 to 7) 
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CHAPTER 2. PROTEROZOIC IGNEOUS PETROGENESIS, 
TECTONICS AND CRUSTAL EVOLUTION - AN OVERVIEW 
2.1 INTRODUCTION 
The Proterozoic Era occupies more than 40% of the geological record of the 
Earth's history and Proterozoic terrains form a significant portion of the continental crust. 
Recently it has been confirmed that many Phanerzoic foldbelts may also be underlain by 
Proterozoic continental crust (e.g. Liew and McCulloch, 1985; Williams and Claesson, 
1987; Williams et al., 1991). The study of Proterozoic continental crust is therefore 
important for understanding Earth's evolution through geological time. 
In the past, much attention was directed toward the understanding of the Earth's 
recent geological history and the formulation of plate tectonic concepts, as well as the 
unravelling of the Earth's distant past in the Archaean cratons. Only since the 1980's has 
increasing attention started to be focused on the intervening Proterozoic Era regarding 
fundamental questions such as to what extent the Proterozoic continental crust represents 
new crustal growth or recycled older continental materials, as well as what processes 
have been responsible for the crustal evolution in the Proterozoic (e.g. Kroner, 1981; 
1987; Medaris et al., 1983; Condie, 1989). 
A great deal of controversy exists regarding Proterozoic tectonics, igneous 
petrogenesis and crustal evolution. Debate currently focuses on whether the plate 
tectonics and related magmatic processes established for the Phanerozoic were also in 
operation during the Precambrian (e.g. Windley, 1983; Kroner, 1983; Etheridge et al., 
1987), and whether continents grew episodically, or continuously through time or there 
has been no more continental growth since as early as Early Archean (e.g. McLennan and 
Taylor, 1982; Veizer and Jansen, 1985; Condie, 1986; Armstrong, 1971, 1981, 1991 ). 
This Chapter is aimed to provide an overview of current progresses, models and 
debates on issues such as Proterozoic tectonics and igneous petrogenesis as well as 
Proterozoic crustal evolution. 
2.2 PROTEROZOIC IGNEOUS PETROGENESIS 
Igneous rocks in Proterozoic orogenic belts are composed of granitoids and mafic 
rocks with components of the intermediate compositions relatively insignificant. Such 
bimodal magmatism has long been a locus of debate with regard to the Proterozoic 
tectonic styles, although bimodality is not unique to the Proterozoic orogenic belts and 
has been recognised in both Archean cratons and Palaeozoic foldbelts. The 
understanding of the nature of magmatism in the Proterozoic belts is fundamental to 
deciphering styles of Proterozoic tectonics and crustal evolution. 
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2.2.1 The Granitoids 
Granites in general 
There has been a long-standing controversy regarding the making of 
mineralogically simple, but genetically diverse granites. The debate centres around a 
great variety of aspects such as typology, petrogenesis, source, connection to tectonics, 
and implications for crustal evolution. The main outcome of this debate is best illustrated 
by the remark of Pitcher in his review paper (Pitcher, 1987): there are "granites and yet 
more granites". 
A great number of parameters have been used for the classification of granites, 
such as mineralogy, mode, accessory minerals and association with mineralization (e.g. 
Streckeisen, 1976; Chappell & White, 1974; Ishihara, 1977; Xu et al., 1984). The 
availability of a great variety of geochemical parameters has added even more complexity 
to the typology and origin of granites (e.g. La Roche, 1980; Condie, 1978). The most 
influential genetic classification scheme is the two-fold subdivision of granites into I- and 
S- types (Chappell and White, 1974; Chappell, 1984; White et al., 1986) based on 
combined mineralogical, geochemical and isotopic parameters (e.g. McCulloch & 
Chappell, 1982). The two groups of granites are considered to correspond to two broad 
types of sources, i.e. igneous and sedimentary, and more recently, to infracrustal and 
supracrustal origin, respectively. In addition to the 1-S classification, two other 
complimentary categories of granites, i.e. A-type and M-type, were also proposed (e.g. 
Collins et al., 1982; Pitcher, 1982). The A-type granites were considered to be 
anorogenic, anhydrous and alkalic, and their origin is subject to a considerable debate, 
with models ranging from anhydrous partial melting of melt-depleted granulites, partial 
melting of felsic lower crust to pronounced fractionation of mantle-derived basaltic 
magmas (e.g. Collins et al., 1982; Anderson, 1983; Whalen et al., 1987; Eby, 1991; 
Creaser et al., 1991; Turner et al., 1992). The M-type granites were considered to be 
mantle-derived, including strongly calcic granitoids forming in oceanic island arcs (e.g. 
New Britain and the Aleutians), active continental margins (e.g. the Cordilleran) and the 
plagiogranites associated with ophiolite complexes. However, its mantle origin is also 
debatable , as some of them may be derived from previous island-arc-type crustal sources 
(e.g. Chappell and Stephens, 1988; Gromet and Silver, 1987). 
Chappell and his colleagues in a number papers (e.g. Chappell, 1979, 1984; 
Chappell et al., 1988 Chappell and White, 1992) considered granites as "images of their 
source rocks". Using trace element data, combined with other parameters, they grouped 
granites in the Palaeozoic Lachlan Foldbelts of eastern Australia into a great variety of 
consanguineous suites, supersuites and associations and related them to different source 
provinces. On the other hand, Pitcher, in a number of his papers (e.g. Pitcher, 1982, 
1987) considered that the types of granites are broadly correlated with their tectonic 
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environments. Consequently, he classified granites into orogenic and anorogenic groups 
and then subdivided them into five types, i.e.Pacific-type (M-type granitoids in mature 
oceanic island arcs, e.g. New Britain), Andinotype (I-type granitoids in continental 
margin arcs such as the Andes), Hercynotype (S-type granites and migmatites in 
continental collision zones such as the Himalayas), Caledonian-type (essentially I-type 
biotite granites in post-collisional uplift environments such as the Caledonia Foldbelt) and 
the Nigeria-type (essentially A-type granites forming in continental rifting zones such as 
Nigeria). Trace element discrimination plots have been proposed in distinguishing the 
above types of granites (e.g. Pearce et al., 1984; Harris et al., 1986). However, 
Chappell and Stephens (1988) argued that granites are reflecting tectonic environments of 
their sources at the time of formation, not the granites themselves. 
Experimental petrology has played an important role in understanding the nature 
and sources of granites (e.g. Tuttle and Bowen, 1958; Wyllie, 1977, 1983 for review; 
Johnannes, 1983, and Winkler and Breitbart, 1978). For example, the studies of Wyllie 
and his associates lead to the important conclusion such that: (1) widespread cordilleran 
I-type plutons of tonalitic compositions cannot be generated as primary magmas from 
either mantle or lower crust, unless significantly higher temperature is attained; (2) most 
large granite magma bodies initially contained less than 2% water and remained 
undersaturated through much of their evolutionary history; (3) many granite systems 
consist of two partially independent components, i.e. quartz, K-feldspar and sodic 
plagioclase of eutectic-like compositions coexisting with more refractory assemblage of 
calcic plagioclase and mafic minerals with little exchange between the two throughout a 
wide temperature range. Works such as Manning and Pichavant (1983) and several others 
suggest that volatiles such as boron and fluorine have an even greater effect than water in 
depressing the solidus temperatures and modifying the minimum melt compositions. 
The magma forming and modifying processes have been discussed by many other 
workers. Consequently a great variety of models such as restite unmixing (e.g. White 
and Chappell, 1977), magma mixing (e.g. Eicherlberger, 197 8), crystal fractionation, 
convective fractionation (Sparks et al., 1984), thermogravitational diffusion (Hildreth, 
1981), assimilation and combined fractionation-assimilation (e.g. DePaolo, 1981) have 
been proposed. 
The magma sources of granites remain to be one of the most long-lasting debates 
especially when a variety of isotopic tracers are considered (e.g. McCulloch and 
Chappell, 1982; DePaolo, 1981; Harmon et al., 1984; Halliday and Stephens, 1984). It 
has been considered that granites may consist of one or a mixture of a great variety of 
source components such as upper crust, lower crust, mantle-derived underplate, 
subducted oceanic crust, depleted upper mantle and even the enriched lithospheric mantle. 
An important finding in study of Phanerozoic granites using isotope tracers is that the 
granite sources usually reflect mixing of older, probably Precambrian continental 
components with new mantle-derived components in varying proportions, with older 
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continental components becoming increasingly significant toward the continental interior 
(e.g. DePaolo & Farmer, 1984; Chappell et al., 1990; Jahn et al., 1990). 
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Figure 2.1: P-T diagram showing possible melting trajectories (bold 
arrows) in Archean and post-Archean subduction zones (after Condie, 
1989). The 5% H20 solidus applies to the Archean and the 0.2% H20 
solidus to the present time. Ga - garnet, Amph - amphibole. 
Possible secular variations of granites through geological times have been 
discussed by a number of workers (e.g. Condie, 1986; Martin, 1986; Drummond and 
Defant, 1991). e.g. high-Al tonalite-trondhjemite-granodiorite suites are ubiquitous in the 
Archean, K-rich granites more widespread in the Proterozoic, whilst calcalkaline 
granitoids in association with intermediate and basic components appear to be 
predominant in modern continent-margin orogenic belts. The secular change from TTG-
dominant Archean to calcalkaline-dominant Phanerozoic is considered to be due to a 
switch from slab-melting to wedge-melting conditions in the cooling Earth. Fig. 2.1 
illustrates such a secular change in magma genesis. It is argued that, when a young and 
warm slab was subducted, partial melting is likely to occur before dehydration of the 
slab, under which conditions hornblende and garnet were stable and retained in the 
residue. In the Archean, subducted slabs were probably young and warm and the slab 
geotherm steep due to a fast convection rate, and therefore slab melting was predominant 
and high-Al TTG suites ubiquitously occurred. This contrasts with modern slabs which 
are normally old and cold and have a shallower geotherm and therefore may not undergo 
partial melting before dehydration. In this situation the region of melting is shifted to the 
mantle wedge at greater depths as a result of metasomatism by slab-derived fluids. 
Consequently modern calcalkaline suites are very common. 
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Proterozoic granites 
Granitoids form a significant component of the Proterozoic continental crust. 
Although K-rich granitoids appear volumetrically predominant (e.g. Wybom, 1988), a 
great variety of granite types have been identified in different Proterozoic mobile belts or 
terrains. From studies on Proterozoic granites during the past 20 years, the Proterozoic 
granites appear to fall into three broad categories, i.e. an orogenic high-Na group, an 
orogenic high-K group and an anorogenic high-K group. 
The orogenic calcic to calcalkaline (high-Na) granitoids are geochemically 
analogous to either the Phanerozoic Pacific-type or Andinotype of Pitcher (1987) or the 
widespread Archean high-Al TTG suites. Examples of this type are numerous 
throughout the world. e.g. Lewry et al. (1981) and Fumerton et al. (1984) reported 
Cordileran-type batholiths in the Churchill Province of Canada. These batholithic 
complexes are structurally associated with the proposed early-Proterozoic Aphebian-
Hudsonian volcanic arc and the batholithic belt is in dimension and compositional 
variation similar to the Phanerozoic Cordilleran orogenic belt. Wilson et al. (1987) 
described the 1.89 Ga JOm granitoid complex and the Haparanda suite in northern 
Sweden. The calcic JOm complex within the Skellefte volcanic arc shows characteristic 
low Rb, Y, Nb, Ta and Yb and high Sr, similar to Phanerozoic immature volcanic arc 
suites, whilst the calc-alkaline Haparanda suite has Y and Nb contents similar to those of 
active continental margins. Arth et al. (1978) reported a 1.9 Ga old gabbro-diorite-
tonalite-trondhjemite suite in SW Finland which shows both calcalkaline and 
trondhjemitic trends, analogous to both modem calcalkaline and Archean TTG suites. 
They considered the genesis of the suite as due to hornblende-controlled fractionation of a 
gabbroic magma. A subduction-related plate-tectonic model has been proposed for the 
origin of the potassium-poor magma (e.g. Hietanen, 1975). Barker et al. (1976) studied 
the 1.7-1.8 Ga old trondhjemite suites in the western United States. They explained the 
high-Al trondhjemite suites, which are similar to the Archean TTG suites, as being due to 
partial melting of mafic sources at greater depth (>50 km) with garnet and hornblende 
retained in the residue, whilst the low-Al trondhjemite suites as due to partial melting of a 
mafic source at a shallower depth ( <50 km) with plagioclase retained in the residue. A 
subduction-related tectonic model was again proposed for the magma genesis. Early 
Proterozoic high-Al TTG suites with positive Eu anomalies were also found in the Halls 
Creek Inlier, Western Australia (Ogasawara, 1988) and a hornblende-controlled 
fractionation model similar to that of Arth et al. (1978) was also proposed for the 
petrogenesis. In the Arunta Inlier, both gabbro-diorite-tonalite-trondhjemite and TTG 
suites were recognised at its SE margin and petrogenetic and tectonic models similar to 
those mentioned above have been proposed (Zhao and Cooper, 1992; Foden et al., 
1988). In addition, tonalite-trondhjemite rocks have been reported in the Georgetown 
Inlier, northeastern Australia (Champion, 1991), Qinling and Zhongtiao Mountains of 
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north China (e.g. Gao et al., 1990; Sun et al., 1990), Wisconsin, the United States 
(Anderson, 1987) as well as the Arabian Shield (Jackson et al., 1984). The above 
mentioned suites are only a few of many examples. 
The orogenic high-K group mainly includes the 1850-1880 Ma Barramundi 
Igneous Association reported by Wyborn (1988) and appear to be widespread throughout 
the Proterozoic terrains in Northern Australia. According to Wyborn (1988), this igneous 
association, essentially I-type, shows remarkably uniform geochemical and isotopic 
signatures over a continental scale, by being enriched in K, Rb, Th, U, REE, Zr, Y and 
depleted in Mg, Ca, Sr, Cr, Ni relative to their Palaeozoic analogues in the Lachlan 
Foldbelt, and by having uniformly low initial 87Sr/86Sr ratios (-0.705) and a narrow 
range of Tri~ ages (2.1-2.3 Ga). This association was formed during a continent-scale 
orogenic event, termed the Barramundi Orogeny. Etheridge et al. (1987) and Wyborn 
( 1988) proposed a generalised model for the petrogenesis of the distinctive association in 
which the gran~tes were derived by partial melting and restite-unmixing of a continent-
scale mafic underplate ponding to the base of lower crust during the extensional episode 
of their proposed ensialic rifting cycle at 2.1-2.3 Ga. 
The post-orogenic and anorogenic high-K granites, generally, have been widely 
recognised and investigated in detail throughout the world. They include the Proterozoic 
anorogenic granites in the United States (e.g. Anderson and Cullers, 1978; Anderson, 
1983; Emslie, 1991; Emslie and Loveridge, 1992), Canada (e.g. Lumbers et al., 1991), 
Finland (e.g. Haapala and Ramo, 1990), Sweden (Wilson and Akerblom, 1982; Wilson 
et al., 1987) and Australia (e.g. Wyborn et al., 1988; Creaser and White, 1991). In 
general, all these granites are strongly enriched in K, Rb, Th, U, REE, Zr, Nb and Y 
relative to the preexisting orogenic granites in the respective regions. Most of them show 
A-type signatures by having exceptionally high FeO*/MgO, Ga, Ga/Al, Zr, Nb, Y and 
REE and large negative Eu anomalies if compared with normal I-type granites. 
Geochemical modelling suggests these granites were generated at very high temperatures 
at water-undersaturated conditions and usually were accompanied by pronounced 
fractionation of feldspars (e.g. Creaser et al., 1991; Emslie, 1991). Emslie (1991) 
grouped the broadly post-orogenic or anorogenic granites into two general categories, the 
anorthosite-mangerite-charnokite-rapakivi granite (AMCG) series and the late orogenic, 
post-orogenic and anorogenic (LPA) series. The former is characterised by being 
voluminous and associated with anorthositic-mangeritic components, whilst the latter is 
generally small. Most authors considered that the above suites were formed by water-
undersaturated partial melting of preexisting, felsic crustal sources (probably the older 
orogenic granitoids at depth) as a result of a post-tectonic extension and mafic magmatism 
and/or underplating (e.g. Anderson, 1983; Condie, 1986; Haapala and Ramo, 1990; 
Emslie, 1991). However, Wyborn et al. (1988) considered that the "anorogenic" 
granites in central Australia were produced by low-degree partial melting of mafic 
underplates forming during discrete, but dominantly the Barrarnundi-stage rifting events. 
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2.2.2 The mafics and ultramafics 
M afic and ultramafic rocks in general 
A great variety of approaches (e.g. mineralogy, petrology, geochemistry, isotope 
geochemistry and experimental petrology) have been used in study of mafic igneous 
rocks. As a result of these research efforts, it has been generally accepted that modern 
mafic magmas are mantle-derived and can be generated in dominantly four tectonic 
settings: (1) constructive plate margins (e.g. mid-oceanic ridges and back-arc spreading 
centres), (2) destructive plate margins (e.g. island arcs and active continental margins), 
(3) oceanic intra-plate settings (e.g. oceanic islands) and (4) continental intra-plate 
settings (e.g. continental flood basalt provinces, continental rift zones and occurrences of 
potassic and ultrapotassic rocks unrelated to zones of rifting). Magmas generated in 
different tectonic settings show diverse but inter-related geochemical and isotopic features 
due to diverse sources or petrogenetic processes. The relationships between 
characteristics of mafic igneous rocks and their tectonic environments have been well 
established and have been reviewed in detail in many publications (e.g. Wilson, 1989). 
Although the sources of mafic rocks are diverse, ranging from continental and oceanic 
lithosphere, asthenospheric upper mantle as well as the lower mantle, it has been 
established that they result from variable mixing of four essential mantle components, i.e. 
DMM (depleted MORB mantle), HIMU [high-µ (high 238U/204pb ratios) mantle], EMl 
(enriched mantle type 1) and EM2 (enriched mantle type 2), although the fifth and sixth 
components, the PREMA (prevalent mantle) and BSE (proverbial Bulk Silicate Earth) 
remain enigmatic (e.g. Zindler and Hart, 1986). Except for the DMM which is well 
constrained, the origin of the other components is still controversial. The relative 
proportions of these mantle components are also poorly constrained. 
Based on geochemical signatures, mafic igneous rocks can be classified into three 
broad categories, i.e. tholeiitic, calc-alkaline and alkaline. The tholeiitic and alkaline 
series may occur in almost all tectonic settings though the frequency of occurrence varies 
and the two types are generally considered to be related to larger and lower degrees of 
partial melting of the mantle sources, respectively. The calc-alkaline series, on the other 
hand, is restricted to subduction-related plate-margin environments. Apart from the 
above three categories, there are many other types, i.e. the ultramafic rocks such as in the 
modern ophiolite and Archean komatiite complexes and potassic varieties such as 
kimberlites. Most of the ophiolites are considered to be remnants of oceanic crust and 
therefore diagnostic of plate tectonics. The kimberlites, on the other hand, always occur 
in stable continental interior with a lithosphere up to 300 km thick. 
Figure 2.2 illustrates spiderdiagram patterns of tholeiites forming in a variety of 
tectonic settings. The ocean-ridge and -floor tholeiites (OFT) are characterised by a 
positive slope with increasing bulk partition coefficients and are considered to be derived 
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from dominantly depleted mantle sources. The ocean island tholeiites (OIT) are overly 
enriched in all the incompatible elements except for Y and Yb and show a distinctive 
positive Nb anomaly and are considered to be derived from dominantly OIB-type sources 
(deep-mantle plumes or megaliths of Ringwood, 1989). The low-K tholeiites (LKT) of 
the oceanic island arcs show a pattern with a negative slope which is almost obscured by 
several major anomalies, especially at Nb and Sr. They were considered to be derived 
from a depleted mantle wedge metasomatised by subduction-derived slab components. 
Spiderdiagram pattern for the continental tholeiites (CT) of mainly continental flood basalt 
provinces show a negative slope similar to that of the OIT except for negative Nb 
anomaly, which probably result from averaging the geochemically distinctive high-Ti and 
low-Ti types. If the two types are discriminated, the former is essentially similar to the 
OIT, whilst the latter show distinctive negative anomalies at Nb and Ti. The origin of the 
continental flood basalts is controversial, ranging from partial melting of deep mantle 
plume followed by crustal contamination to derivation from the metasomatised continental 
lithospheric mantle (e.g. Richards et al., 1989; Ellam and Cox, 1989). The two variants 
IRT (initial rifting zone tholeiites) and BAT (back-arc basin tholeiites) are essentially 
analogous to the OIT (or high-Ti CFB) and OFT, respectively. 
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Figure 2.2: Primordial mantle normalized spiderdiagram showing geochemical 
comparison among tholeiites from different tectonic settings (after Holm, 1985). OIT -
oceanic island tholeiite, CT - continental tholeiite (flood basalt), N-MORB - normal 
middle-ocean-ridge basalt, LKT - low-K tholeiite (island arc), BAT - back-arc tholeiite, 
IRT - initial rift tholeiite. Normalized values after Wood et al. (1979). 
13 
In addition to the spatial variations among mafic rocks, secular variations through 
geological time were also observed. Such secular changes have been reviewed by Condie 
(1989). These include (1) basalts that have within-plate (WPB) or N-MORB geochemical 
characteristics are relatively rare in all Precambrian categories and highly alkalic rocks 
(e.g. kimberlites, carbonatites) become common only after the Late Proterozoic, (2) in 
terms of incompatible element distributions, both Archean and Proterozoic greenstone 
basalts exhibit subduction zone geochemical signatures (i.e. Nb-Ta depletion relative to 
LIL elements). Condie (1989) explained these secular changes as due to the fact that the 
Precambrian greenstone successions do not represent remnants of oceanic crust or of 
continental rift assemblages, but they are subduction-related. The common occurrence of 
relatively enriched mantle sources as indicated by post-Archean basalts may be due to 
continental crust (±lithospheric mantle) being recycled into the mantle after 2.5 Ga. 
The Proterozoic mafic and ultramafic rocks 
A plethora of geochemical studies have been presented for mafic rocks occurring 
in many Proterozoic belts throughout the world, such as the southwestern United States 
(e.g. Condie, 1986 and references therein; Robertson and Condie, 1989; Nelson and 
DePaolo, 1984), Canada (Francis et al., 1983; Halden, 1991; Picard et al., 1990; Lucas 
et al., 1992), the circum-Baltic region (e.g. (Pharaoh and Pearce, 1984; Pharaoh and 
Brewer, 1990; Park, 1988; Ehlers et al., 1986; Kahkonen, 1987; Berch and Torske, 
1988; Valbracht et al., 1991; Valbracht, 1991), South Africa (Geringer et al., 1986), and 
Australia (Sivell, 1988; Sivell and McCulloch, 1991; Hines and Gee, 1986; Giles, 1988). 
Based on these studies, several common features can be summarised as below: 
(1). Many mafic rocks occurring in the Proterozoic terrains are associated with 
immature metasediments and show geochemical features analogous to low-K arc 
tholeiites, calc-alkaline basalts or shoshonitic basalts, implying oceanic arc to continental 
arc tectonic settings (Condie, 1989). The low-K suites are characterised by strong 
depletion in REE, HFSE and selective enrichment relative to N-type MORB and tend to 
have high ENct(T) values implying a depleted mantle source. The calc-alkaline to 
shoshonitic suites are more enriched in LREE and may have lower ENct(T) values 
implying variably enriched mantle sources. These types of rocks have been reported in 
almost all the well-investigated Proterozoic belts. Examples are the metavolcanics in the 
western United States (Condie, 1986 and references therein), the Circum-Superior Belt 
of Canada (Halden, 1991; Chauvel et al., 1987), the Outokumpa Assemblage of eastern 
Finland (Pharaoh and Brewer, 1990; Park, 1988), the Tampere Schist Belt, Southern 
Finland (Kahkonen, 1987), the Baltic Shield margin, Northern Norway (Berch and 
Torske, 1988), the Namaqua Mobile Belt, South Africa (Geringer et al., 1986), as well 
as eastern Arunta Inlier, central Australia (Sivell, 1988). 
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(2). Metatholeiites with trace and rare earth element patterns and Nd isotopic 
compositions resembling modern N-type MORBs were also reported in a number of 
localities, such as the LREE-depleted metatholeiites from Watts and Chukotata Groups in 
the Cape Smith Belt, Canada (Picard et al., 1990; Lucas et al., 1992), the Jormua 
Ophiolitic Complex in northern Finland, the Kvenvik Greenstone Formation in Northern 
Norway and the Harts Range Metaigneous Complex in the eastern Arunta Inlier, central 
Australia (Sivell, 1988; Sivell and McCulloch, 1991). In the Cape Smith Belt and 
Northern Finland, the MORB-type tholeiites are parts of the ophiolite complexes in the 
region, directly reflecting the existence of oceanic crust in the region. 
(3). Although ophiolites are extremely rare, they were reported in a number of 
places. Apart from the Cape Smith and Jormua Ophiolite Complexes (St Onge et al., 
1988; Scott et al., 1992; Kontinen, 1987) which represent the oldest ophiolites known 
on Earth (~ 1.96 Ga), some middle to late Proterozoic ophiolites were also found in South 
China (e.g. Zhang et al., 1984; Zhou and Zhao, 1991), Delhi Foldbelt, India (Sinha-Roy 
and Mohanty, 1988), Saudi Arabia (Claesson et al., 1984) and Morocco (Naidoo et al., 
1991). The occurrence of ophiolites, although rare, suggests that plate tectonics was 
indeed in operation in the Proterozoic. 
(4). Limited metabasalts with within-plate geochemical signatures have been 
reported in a few places, such as metavolcanics from Povungnituk Group, the Cape 
Smith Belt (Picard et al., 1990), and the mafic volcanics of the Nagu-Korpo area, SW 
Finland (Ehlers et al., 1986). The occurrence of these minor within-plate volcanics was 
interpreted as being formed during episodes of initial ensialic rifting preceding later stage 
MORB-type and island-arc-type volcanism in the region. 
(5). In addition, minor volcanics with geochemical features analogous to 
boninites of the western Pacific margin were recognised in the Early Proterozoic 
Carpricorn Orogen, western Australia, again supporting a subduction-related environment 
around the Archean Yilgam Block (e.g. Giles and Gee, 1986). 
(6). Some Proterozoic mafic rocks may be formed during post-tectonic events 
associated with rapakivi-type anorogenic granites in North America and the Baltic region 
(e.g. Emslie, 1991; Haapala and Ramo, 1990). Others are probably parts of the hot-spot 
continental flood basalts (e.g. Le Cheminant and Beaman, 1989). 
In a specific Proterozoic orogenic belt, spatial and temporal variations in the 
geochemical features of mafic volcanics were also widely acknowledged. Condie (1986), 
Picard et al. (1990) and Lucas et al. ( 1992) provided the best dissection of two well-
known Proterozoic orogenic belts in the world, the southwestern United States and the 
Cape Smith Belt, Canada. 
In the southwestern United States, five Early Proterozoic volcanic terranes are 
recognised, with ages of 1760-1800 Ma, 1730-1740 Ma, 1720 Ma, 1680-1700 Ma and 
1650 Ma. Condie ( 1986) suggested that the 17 60-1800 Ma terrane represents a 
succession of oceanic arcs rapidly accreted to the Archean Wyoming province from the 
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southwest, whilst the 1730-17 40 Ma terrane is a back-arc basin developed within the 
1760-1800 Ma terrane. The 1720 Ma terrane is interpreted as an evolved back-arc basin 
from which depleted mantle is tapped. The 1680-1700 Ma and 1650 Ma terranes are 
remnants of an extensive continental-margin arc system associated with back-arc basins. 
The Cape Smith Belt records probably one of the best examples of a Proterozoic 
Wilson Cycle (Picard et al., 1990; Lucas et al., 1992; Scotts et al., 1992). It started with 
the formation of the rift-related Povungnituk Group (> 1898 Ma) within the Archean 
craton of the Superior Province, followed by the MORB-type Chukotat and Watts 
Groups (> 1898 Ma) associated with the Purtuniq ophiolite indicating the development of 
oceanic crust, and further followed by the subduction-related Parent and Spartan Groups 
(1898-1861 Ma), and ended with younger plutonism (1848-1826 Ma) analogous to that 
occurring during continental margin to arc-continental collision stage. 
2.3 PROTEROZOIC TECTONICS 
Two major schools of thought exist concerning the tectonic styles and crustal 
evolution during the Proterozoic. The first school, including Burke et al. (1976), 
Windley (1981,1983), Hoffman (1980,1988), Park (1984, 1985), Condie (1982, 
1989), Lewry (1981), Gorbatschev and Gaal (1987), Anderson and Burke (1983), and 
many others, has adopted the actualistic concepts of modem plate tectonics and proposed 
that the Proterozoic orogenic belts were formed via lateral accretion of island arc regimes 
around preexisting continental nuclei. The second school, typified by Rutland (1976), 
Kroner (1977, 1983) and Etheridge et al. (1987), considered that much of the 
Proterozoic orogenesis occurred within an ensialic rift-related setting with sea-floor 
spreading and subduction being insignificant during the orogenic processes, and crustal 
evolution was dominated by vertical underplating of mantle-derived magmas. Both 
schools have listed a great deal of structural, tectonostratigraphic, geochemical, 
geochronologic, palaeomagnetic and seismic evidence to support their models. The 
plate-tectonic model of the uniformitarian school was established mainly from 
investigation of Proterozoic orogenic belts in the Northern Hemisphere, e.g. the Laurentia 
(North America) and the Baltic regions, whilst the ensialic model of the non-
uniformitarian school was formulated through studies of the Proterozoic orogenic terrains 
in the Southern Hemisphere such as central Australia and east-central Africa. 
The plate-tectonic model of the uniformitarian school is based on the following 
evidence: (1) the great similarity between some Proterozoic sequences and those of 
modern passive continental margins in terms of stratigraphy and volcanism, (2) the 
predominance of arc-type orogenic igneous activity indicating subduction-related tectonic 
environments, (3) the occurrence of MO RB-type mafic rocks and rare ophiolites implying 
existence and fragmentation of oceanic crust in the Proterozoic belts, (4) the importance 
of thrusting as a macroscopic deformation process, (5) the lateral variations away from 
16 
the Archean cratons in terms of the magmatic ages, geochemical and isotopic signatures 
of igneous rocks, and (6) some palaeomagnetic evidence for relative motions between 
Proterozoic terrains during the Early Proterozoic. 
The best demonstration of how the plate tectonic model works is the 
reconstruction of the Precambrian provinces and orogens given in Hoffman (1988), titled 
"United Plates of America, the Birth of a Craton: Early Proterozoic Assembly and 
Growth of Laurentia". In this paper, Hoffman has elegantly demonstrated how the six 
major Archean provinces were amalgamated along Early Proterozoic orogenic belts 
through a series of continent-continent, or arc-continent collision in a manner analogous 
to modem plate tectonics. Such processes were displayed by the Thelon, Wopmay, 
Trans-Hudson, New Quebec, Tomgat, Penokean and Cheyenne Orogens, all of which 
feature foredeep basins, thrustfold belts, sparse mafic magmatism and relatively low 
metamorphic grades in their forelands, contrasted with relatively high metamorphic 
grades, major calc-alkaline magmatic belts and complex patterns of ductile deformation in 
their hinterlands. Their forelands were dominated by thrusting; their hinterlands by 
transcurrent shearing accompanying arc magmatism, a consequence of oblique 
subduction and manifestation of "propagating extrusion tectonics" in response to 
continent-continent collision. Similar to Phanerozoic orogens, both "accretionary" and 
"collisional" end members are present in the Proterozoic orogens of Laurentia. e.g. the 
orogens of southern Laurentia and possibly the Wopmay orogen involved the accretion of 
broad zones of juvenile Early Proterozoic crust (e.g. Patchett and Arndt, 1986). 
The non-uniformitarian school has listed several other factors to argue against the 
applicability of plate-tectonic model in the Proterozoic (e.g. Etheridge et al., 1987). They 
are: (1) the "virtual absence" of ophiolites and paired metamorphic belts, (2) the presence 
of ensialic basement to part of the Proterozoic terranes, (3) the paucity of andesitic 
volcanism, (5) the lack of significant vertical uplift and (6) the absence of paleomagnetic 
evidence for relative motion between Proterozoic terrains. For these reasons, the non-
uniformitarian school has rejected the subduction-dominated plate-tectonic concepts and 
proposed a distinctive rifting-related ensialic model based mainly on generalised 
observations from central Australia, which is illustrated in Fig. 2.3. In this model, the 
tectonic evolution in central Australia started at around 2.0-2.2 Ga with ensialic rifting, 
mafic volcanism and underplating within preexisting, probably Archean crust as a result 
of small scale mantle convection. Subsequent heat loss after the output of the mafic 
magmas caused termination of convection, thermal subsidence of the stretched regions 
and gravitational instability-driven crust-mantle delamination and A-subduction. Such 
delamination provided driving force for compressional orogeny, partial melting of the 
underplated mafic layer and synchronous emplacement of widespread, geochemically 
uniform I-type granitoids, termed the Barramundi Igneous Association, throughout 
central Australia. 
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Fig. 2.3: Cartoon showing the ensialic rifting tectonic model of Etheridge et al. (1987) 
for Proterozoic crustal evolution in central Australia. 
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The main evidence which supports the ensialic model, as outlined by Etheridge et 
al. (1987) and Wyborn (1988), includes (1) a synchronous orogenic event of 1850-1880 
Ma throughout central Australia without any polarity in either age or geochemistry, (2) the 
bimodal nature of igneous rocks, apparently resembling those in modem ensialic rift 
zones, such as the Eastern Africa Rift, (3) the geochemically uniform Barramundi 
Igneous Association throughout central Australia, characterised by high K10, La, Ce, 
Rb, Th and U and low MgO, CaO, Ni , Cr and initial 87Sr/86Sr ratios compared with 
Phanerozoic I-type analogues, implying a uniform mantle-derived underplated source, 
and (4) a metamorphic history characterised by a low-pressure, high-temperature 
anticlockwise P-T-t path, indicating a rift-related process. However, it will be 
demonstrated in the following chapters there are serious flaws with the ensialic tectonic 
models. 
2.4 PROTEROZOIC CRUSTAL EVOLUTION 
2.4.1 Crustal evolution in general 
According to Condie (1989), The Earth's oceanic crust was probably first 
generated at ocean ridges as a result of mantle melting early in the Archean. The Archean 
oceanic crust may have been komatiitic and significantly thicker than today due to the 
greater amount of heat in the Archean upper mantle to cause larger degrees of partial 
melting. The higher density of the komatiites may have provided the major driving force 
for the onset of the Earth's first plate tectonics. 
The formation of continental crust on Earth is unique among terrestrial planets and 
is considered as due to two major factors: (1) the Earth is the only planet with significant 
amounts of water and (2) it may be the only planet on which plate tectonics has been 
operative for a significant amount of time. Continental crust remnants of ~3.8 Ga old 
were found in Canada (Bowring et al., 1989; Nutman and Collerson, 1991), Greenland 
(Compston et al., 1986), Antarctica (Black et al., 1986), and China (Liu et al., 1992), 
whilst the U-Pb ages of 4.1-4.2 Ga for detrital zircons from metasediments in Western 
Australia (Froude et al., 1983) suggest the existence of still older continental crust which 
is not preserved. Major mechanisms of continental growth include magma additions, 
stacking of thrust sheets, aggregation by microcontinent and arc collisions, and welding 
of sedimentary prisms to continental margins and the relative importance of these 
mechanisms is difficult to evaluate due to intensive reworking. It has been suggested that 
magma underplating is dominant in the Archean, whilst lateral accretion through arc-
continent collisions became important during the post-Archean. 
An important debate in Earth sciences has been centred around the growth rate of 
continental crust through geological time (e.g. Armstrong, 1971,1981,1991; McLennan 
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& Taylor, 1981; Condie, 1980, 1986, 1989; Veizer and Jansen, 1985; Allegre & 
Rousseau, 1984; McCulloch, 1987; McCulloch & Bennett, 1992; DePaolo, 1980, 1981, 
1983; Goldstein, 1988; Jacobsen, 1988; and still many others). Many different models 
about continental growth rates have been proposed based on one or a combination of (1) 
Pb, Sr and Nd isotopic data from igneous rocks; (2) Sr isotope ratios of marine 
carbonates; (3) the arguments about continental freeboard through time; (4) Phanerozoic 
crustal addition and subtraction rates, (5) the areal distribution of radiometric dates, and 
(6) estimates of sediment recycling rates. The earliest models for continental growth were 
based chiefly on the geographic distribution of radiometric dates on the continents 
(Hurley and Rand, 1969). These models suggested that the continents grew slowly in the 
Archean and rapidly after 2 Ga ago (Curve 2 in Fig. 2.4). However, it is now realized 
that this is not a valid approach to estimating crustal growth rates because many of the 
Rb-Sr and K-Ar dates used in such studies have been reset during late orogenic events. 
On the opposite extreme are models (Curve 1) that suggest very rapid growth early in the 
Earth's history, followed by extensive recycling of continent back into the mantle 
(Armstrong, 1971,1981,1991) and by inference the volume of the continent has remained 
constant since early Archean. The third category of growth models falls in between the 
two extremes and is typified by the sigmoidal Curve 3 which shows a rapid growth in the 
late Archean due to a unique catastrophic event in Earth's history (McLennan and Taylor, 
1982). Condie (1986b) proposed an eclogite transition model to explain this rapid 
growth in the Late Archean, in which the root of continuously thickened basaltic profiles 
of the oceanic crust inverted into denser eclogite layer upon subsidence caused by secular 
cooling during late Archean, and in tum pulled the whole basaltic profiles further down 
into the mantle, which resulted in massive tonalitic melt production within garnet stability 
field. Other models, such as the progressive, but still step-wise growth curves (e.g. 
Curve 4 of McCulloch and Bennett, 1992) have been proposed by Condie (1989), 
McCulloch (1987), McCulloch and Bennett (1992), Patchett and Arndt (1986) and many 
others. 
There is yet no reconciliation regarding the above models. The main problem 
involved in evaluating these models is that the recycling rate of the continental crust is 
difficult to quantify. There are two ways where continental crust may be recycled back 
into the mantle, one is sediment subduction, and the other is mantle delamination as a 
result of gabbro-to-eclogite transition at the base of magmatically or tectonically thickened 
orogenic belts. The sediment flux into the mantle is poorly constrained and the estimates 
vary considerably, and appear to be biased in favour of individual models by different 
researchers (e.g. Kay and Kay, 1989; McLennan and Taylor, 1981; Armstrong, 1991). 
A further problem with the sediment subduction is that the amount of subducted sediment 
being turned into arc magmas is uncertain. Condie (1986b) considered that even if the 
sediments were completely dehydrated before melting began, they should still undergo 
large degrees of melting (>50%) between 100 and 150 km and this should have occurred 
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at even shallower depths in the Archean subduction zones where geotherms are steeper. 
Melts generated in this way are granitic in composition and will eventually return back to 
the crust. Other geochemical arguments against significant sediment recycling are based 
on the observations such as the lack of Eu negative anomaly in arc magmas (McLennan 
and Taylor, 1982) and the constant Pb/Ce and Nb/U ratios in both OIB's and MORB's, 
which suggest that the proportion of recycled sediment is insignificant in both IAB and 
OIB source regions (e.g. Hofmann et al., 1986; White, 1989). 
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Figure 2.4: Examples of proposed continental growth curves. 1 -
Armstrong (1971, 1981); 2 - Hurley and Rand (1969); 3 - McLennan 
and Taylor (1982); 4 - McCulloch and Bennett (1992). 
Mantle delamination models have been critically evaluated by Ellis and Maboko 
(1992) based on the observation that gabbro-to-eclogite transition may not occur even if 
the high-pressure granulites have cooled down into the eclogite stability field. Hence, 
they argue that continental growth by basalt underplating in stabilised shield regions will 
not result in subsequent eclogite formation and therefore delarnination will not occur 
there. However, they noted that such transition might occur in island arcs with 
magmatically or tectonically thickened crust where higher temperature (800-900 °C) at a 
depth of 60-70 km could facilitate rapid formation of eclogite. This process must occur in 
order to produce a net accreted crust with broadly andesitic composition. 
The second problem involved in evaluating the above different models arises from 
the continental freeboard argument. It has been generally argued that, in order to maintain 
the observed constancy of continental freeboard through geological time, continental 
growth must have occurred to balance subsidence of oceanic basins caused by decreasing 
heat flow over the last 4 Ga (Condie, 1989). However, the counter-argument is that (1) 
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the freeboard may not be constant and instead there may have been a secular decline in sea 
level in an order of hundreds of metres (Hoffman, 1989) and (2) there may have been a 
secular variation in continental lithosphere thickness with age which may in turn affect the 
freeboard in a reverse way as caused by the subsidence of oceanic basins (Armstrong, 
1991). 
2.4.2 Proterozoic crustal evolution 
Several important observations appear to be characteristic of crustal evolution in 
the Proterozoic. 
One of the most important observations is the provincialism in terms of Sr-Nd-Pb 
isotopic signatures and U-Pb zircon ages of granitoid rocks in Proterozoic belts. e.g. 
discrete crustal formation provinces have been mapped in the western United States using 
Nd depleted mantle model ages ~~) (Nelson and DePaolo, 1985; Bennett and DePaolo, 
1987), Pb isotopes (Zartman, 1974) and igneous crystallization ages (Condie, 1981). 
Although the boundaries defined using different approaches may vary, the trend is 
similar: decreasing crystallization ages and increasing initial ENd values are accompanied 
by increasing distance southeastward from the Archean craton. Similarly in Canada, 
initial ENd values were also found to be positively correlated with the distance from the 
Archean craton (Chauvel et al., 1987). In Australia, McCulloch (1987) has documented 
existing~~ age data available for Precambrian terrains in Australia and found a similar 
provincial distribution pattern. The most spectacular one is that the Northern Australian 
Orogenic Province shows uniform ~~ ages in the range of 2.1 to 2.3 Ga, whilst the 
Central Australian Orogenic Province have~~ ages ranging from 1.7 to 1.9 Ga (See 
Fig. 7.2 in Chapter 7). The two orogenic provinces have experienced different 
lithostratigraphic, structural, metamorphic and magmatic histories and are also 
characterised by different U-Pb zircon age distributions (see Fig. 7.2 in Chapter 7). 
The second important observation is the worldwide episodity in orogeny during 
the Proterozoic (Condie, 1989). This episodity is well reflected by the histograms of 
radiometric dates, especially U-Pb ages, obtained throughout the world. Three major 
peaks in orogeny were recorded worldwide during the Proterozoic. The first one occurs 
at 1.7-1.9 Ga and orogens of this age are widely distributed in the world, e.g. the North 
America, the Baltic region, eastern Asia, South Africa, eastern Africa, Australia and 
Antarctica. The second one occurs at 1.0-1.2 Ga, which is typified by the Grenvillian 
Orogen in North America, the S.E. margin of Yangtze Craton in China, the Musgrave-
Fraser mobile belt in Australia. The third one occurs at 0.8-0.57 Ga and is typified by the 
Pan-Africa orogenic provinces. However, it must be noted that orogenic peaks may not 
correspond to each other among different continents. In some cases, orogenic gaps in 
one continent may be filled by orogenies on the other. e.g. 2.0-2.6 Ga gap in North 
America and Australia is occupied by a 2.1-2.2 Ga events in South America and West 
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Africa. The period of widespread anorogenic granitic plutonism in North America (1.4-
1.5 Ga) corresponds to major orogenies in Africa. 
The third important observation is that, when Nd and U-Pb zircon ages are 
combined, the 1.7-1.9 Ga orogenic event is worldwide and is only second to the 2.6-2.8 
Ga major global continental growth event in both intensity and distribution frequency. 
The advocates of the continental growth models argued this event was accompanied by a 
peak in continental growth in the Earth's history. Based on Nd isotopic compositions, it 
has been argued that about 50% of the early Proterozoic continental crust was newly 
derived from the upper mantle (e.g. Patchett and Arndt, 1986), which makes up to 30% 
of continental growth in the Earth's history (Condie, 1989). However, Armstrong 
(1991), who proposed the steady-state non-growth models argued that the so-called 
growth curves are only age distribution curves and by no means can they be taken as 
reflecting the true continental growth. Instead, he argued that the increasing apparent 
continental growth during orogenesis was always accompanied by an increase in 
continental recycling rate. 
In an attempt to explain distribution of orogenic provinces with distinctive isotopic 
signatures, Zartman and Doe (1981) and Zartman and Haines (1988) have proposed a 
distinctive plumbotectonic model which simulates the interactions between four major 
reservoirs, upper mantle, upper crust, lower crust and subcrustal lithosphere, and the 
material exchange between reservoirs occurring in the fifth reservoir called orogen. This 
model, with plate tectonics providing the initial driving mechanism, has successfully 
simulated the distribution of distinctive isotopic provinces and the episodic recurrence of 
orogenies. This model involves substantial continental recycling during orogenesis but 
still favours episodic net continental growth with time. However one of the problems 
with this model is that the final model Pb isotopic compositions of the upper mantle 
reservoir are much more radiogenic than those actually determined for uncontaminated N-
type MORB. 
CHAPTER 3. GENERAL GEOLOGY OF THE ARUNTA 
INLIER 
3.1 INTRODUCTION 
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The general geology of the Arunta Inlier has been briefly described in Appendices 
9 and 10. This chapter is intended to present an overview of the geological background 
of the Arunta Inlier and to outline the outstanding problems to be solved. It will start with 
a review of previous investigations, followed by a description of the litho-stratigraphic, 
magmatic, metamorphic and deformational history and tectonic evolution models as have 
been established by previous researchers. 
3.2 PREVIOUS INVESTIGATIONS 
Mapping of the Arunta Inlier was undertaken mainly by the Bureau of Mineral 
Resources of Australia (BMR) since 1949. Since then, the majority of the research effort 
has been concentrated on the eastern part of the Arunta Inlier. Systematic collection and 
compilation of 1 :250,000 and some 1: 100,000 scale geological series were carried out 
during the 1970's and most completed until the early 1980's. 
The first systematic geological study focused mainly on the Harts Range area, 
eastern Arunta Inlier, was reported by Joklik (1955). The basement-cover relationship 
along the no1thern margin of the Amadeus Basin were investigated first by Wells et al. 
(1967) and Forman et al. (1967) and more recently by Shaw et al. (l 979a), Shaw and 
Wells (1983) and Shaw (1987). The Arltunga Nappe Complex of the SE Arunta Inlier 
was studied in detail between 1967 and 1971 by Stewart (1971), Forman (1971), Shaw 
et al. (1971) and Armstrong and Stewart (1975). The geology, structure and 
geochronology of the Ormiston Gorge area, west of Alice Springs were reported by 
Marjoribanks (1975) and Marjoribanks and Black (1974). In the northeastern Arunta 
Inlier, the Jervois Range area was investigated by Smith (1964), Shaw et al. (1979b), 
Black (1980), and Warren (1978, 1980,1983). The deformational and metamorphic 
history of the Strangways Range area was outlined in Windrim (1983) and Warren 
(1983). Some other pre-1983 studies in the Arunta Inlier include Cooper et al. (1971), 
Allen (1979), Allen and Black (1979), Allen and Stubbs (1982), Langworthy and Black 
(1978), Iyer et al. (1976), Black and Gulson (1978) and many others. All these earlier 
stratigraphic, structural and geochronological (mainly Rb-Sr and K-Ar) were summarised 
in Black et al. (1983), Stewart et al. (1984) and Shaw et al. (1984). 
Recent investigations are more concentrated on specific areas and characterised by 
a combination of research approaches. For example, the Harts Range area has been 
studied in detail through a joint effo1t of workers from the University of Adelaide, which 
includes Ding and James (1985), James and Ding (1988) and Lawrence et al. (1987) on 
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the regional structure and tectonic evolution, Foden et al. (1988), Sivell (1988), Sivell 
and Foden (1985,1988), and Sivell and McCulloch (1991) on the geochemical and 
isotopic features of the meta-igneous complexes, Mortimer et al. (1987) and Cooper et al. 
(1988) on the geochronology, Oliver et al. (1988) on the metamorphic history. The 
metamorphic, magmatic and deformational history in Reynolds-Anmatjira Ranges area 
was studied jointly by Warren and Stewart (1988), Vernon and Collins (1988), Clarke et 
al. ( 1990), Dirks and Wilson (1990), Collins and Vernon (1991 ), and Collins et al. 
( 1991 ). The nature and movement of the Redbank Deformed Zone and its relationship to 
the tectonothermal history of the Arunta Inlier on both sides of the zone was fully 
investigated using geophysical, geological and geochronological approaches by Shaw 
(1987), Goleby et al. (1989), Shaw and Black (1991), and Black and Shaw (1992). 
Other recent research effort includes reconnaissance geochemical studies on rocks from 
the eastern Arunta Inlier reported by Warren (1989), geochemical and geochronological 
studies of the Atnarpa Igneous Complex by Zhao (1989) and Zhao and Cooper (1992), 
investigation of metamorphic evolution in the Strangways Range by Norman and Clarke 
(1990), microstructure studies of the Chewings Range area, southern Arunta by Teyssier 
et al. (1988), structural studies of large-scale shear zones by Collins and Teyssier (1989), 
and Nd isotopic studies ofrocks from the central Arunta Inlier by Windrim et al. (1984), 
Windrim and McCulloch, (1986) and Black and McCulloch (1984). 
3.3 CONTINENTAL SCALE SETTING OF THE ARUNTA INLIER 
The tectonic evolution of the Precambrian terrains in Australia was outlined by 
Rutland (1973,1976), Plumb (1979) and most recently by Shaw and Black (1991). 
Plumb (1979) grouped the Precambrian terrains into three tectonic/orogenic provinces, 
the Archean Western Australian Orogenic Province (including Yilgam, Pilbara and part of 
Gawler Blocks and possibly the basement of the Kimberly Block), the Early Proterozoic 
Northern Australian Orogenic Province (including such as Arunta, Mount Isa, Pine 
Creek, Tennant Creek, the Granites-Tanami, Halls Creek, Georgetown Inliers), the 
Middle Proterozoic Central Australian Orogenic Province (including the Musgrave Inlier 
and Fraser Province), which are overlain in tum by platformal covers including from old 
to young the North, Central and Trans- Australian Covers. These orogenic provinces 
overlap and intervene considerably on their margins. Shaw and Black (1991) made a 
similar approach and their classification is essentially similar to that of Plumb ( 1979), 
However, in their scheme, the Arunta, Georgetown, Coen and part of Mount Isa Inliers, 
all of which are located on the SE margin of the Northern Australian Orogenic Province 
of Plumb (1979), remain unassigned, and the Gawler Inlier is assigned into an 
independent Southern Australian Orogenic Province, which experienced a pronounced 
period of deformation history (2600 -1450 Ma). Reconnaissance Nd isotopic study of 
McCulloch (1987) suggests that each of the above orogenic provinces displays 
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remarkably uniform and distinct crustal formation ages, indicating they were formed 
during different crustal formation events (e.g. Fig. 3.1). More recent geochronological 
studies also support the above schemes (e.g. Page, 1988; Maboko, 1989; Pidgeon, 
1990). 
Gascoyne 
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Palaeozoic foldbelts 
Precambrian to Phanerozoic 
sedimentary basins 
New England 
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Middle Proterozoic Central Australian Orogenic Province 
Early Proterozoic Northern Australian Oro genie Province 
- Archean cratons 
Figure 3.1: Map showing the distribution of major Australian orogenic provinces, 
foldbelts and sedimentary basins. The Arunta Inlier is located on the southern margin of 
the Northern Australian Orogenic Province. Modified after Plumb (1979), McCulloch 
(1987) and Shaw and Black (1991). 
The Arunta Inlier is located on the southern margin of the northern Australian 
Orogenic Province and separated from the Musgrave Inlier of the younger central 
Australian Orogenic Province by the Amadeus Basin. Although it has been known that 
both provinces originated during different crustal formation and orogenic events, the 
boundary between the two provinces is yet to be defined. Recently, Shaw and Black 
(1991) argued that it could be correlated with the Redbank Deformed Zone, a mantle-deep 
thrust separating the southern part of the Arunta Inlier from the rest. The nature of such a 
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thick-skinned thrust zone is not fully understood, although Shaw and Black (1991) 
argued that it could be ensialic, rather than representing a continental collision zone. 
3.4 REGIONAL GEOLOGY OF THE ARUNTA INLIER 
Tectono-stratigraphic history of the Arunta Inlier was established by Stewart et al. 
(1984) and Shaw et al. (1984) on the basis of the geochronological framework of Black 
et al. (1983). On the basis of lithological, deformational, metamorphic and magmatic 
correlations, the Arunta Inlier (see Fig. 3.2) was (geographically?) subdivided into three 
tectonic provinces (Northern, Central and Southern) separated in part by major deformed 
zones (Shaw et al., 1984), and the stratigraphy of the Arunta Inlier was divided into 
three broad stratigraphic groups, namely Division 1, 2 and 3, Division 1 being the oldest 
and Division 3 the youngest (Stewart et al., 1984). Division 1 consists of mafic and 
felsic metavolcanics and minor immature metapelites metamorphosed to granulite facies. 
Division 2 is dominated by immature metasediments of turbiditic origin which are 
extensively intruded by deformed granites. Division 3 comprises platformal 
metasediments such as shale, carbonate and quartzite that overlie the other Divisions 
unconformably. 
The tectonic evolution of the Arunta Inlier was considered in an ensialic scenario 
as resulting from six cycles of crustal extension and compression lasting about 1500 Ma 
(Shaw et al., 1984), which began with mafic and felsic volcanism and mafic intrusion in 
a latitudinal rift, followed by shale and limestone deposition, deformation, 
metamorphism and emergence (Division 1). Flysch sedimentation and volcanism then 
continued in geosynclinal troughs (Division 2) flanking the ridge of meta-igneous rocks, 
and were followed by platformal deposition of thin shallow-marine sediments (Division 
3), further deformation, and episodes of metamorphism and granite intrusion (Stewart et 
al., 1984). Table 3.1 summarises the current understanding of the deformational, 
metamorphic and magmatic events in the Arunta Inlier. More recently, Etheridge et al. 
(1987) further developed the ensialic tectonic model (see Chapter 2) for Proterozoic 
crustal evolution in central Australia and the Arunta Inlier was indiscriminately considered 
as part of the Northern Australian Proterozoic orogenic province which evolved following 
their model. 
3.4.1 The tectonic provinces 
The Northern Arunta Province 
The northern province is dominated by Division 2 turbidites and intrusive K-
feldspar megacrystic granites, all generally metamorphosed to upper greenschist or lower 
amphibolite grade. Locally, metamorphic grade reaches granulite facies, as in the 
Reynolds and Anmatjira ranges and southeastward to Aileron (Stewart et al., 1984). 
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TABLE 3.1: Summary of stratigraphic and tectonic history in each tectonic province, 
Arunta Inlier (after Shaw et al., 1984). 
Event and 
approximate age 
Alice Springs Orogeny 
400-300 Ma 
Platform cover 
deposition 900-300 Ma 
Late igneous rocks 
730 Ma 
900 Ma 
Ormiston Event 
1050-900 Ma 
Intrusion of 
M ardor Complex 
1185 Ma 
Anmatjira Event 
1500-1400 Ma 
Aileron Event 
(includes Chewings 
phase) 
17$0-1600 Ma 
Strangways Even! 
1800-1750 Ma 
Deposition of 
Division 3; 
Early Proterowic 
Contact relationship 
Deposition of 
Division 2A; 
Early Proterozoic 
Deposition of 
Division 2B; 
Early Proterozoic 
Contact relationship 
Deposition of 
Division IA; 
Early Proterozoic 
or earlier 
Deposition of 
Division I B; 
Early Proterozoic 
or earlier 
Northern Province 
Overthrusting, local 
retrogression 
Georgina Basin 
Rare dolerite and 
troctolite 
Local zones of 
deformation, local 
granite 
Greenschis1 meta-
morphism; 'S-1ype' 
granites 
Granulite metamorphism, 
many granites, minor 
pegmatite 
Possible local granu-
lite metamorphism, 
granites in NW and NE 
Quartzite, shale, 
carbonate, and meta-
morphosed equivalents, 
e.g. Reynolds Range 
Group 
U neon formi1y 
Aluminous and siliceous 
me1asedimen1s. calcar-
eous rocb, amphiboli1e, 
e.g. Lander Rock beds 
Nol evident 
Faulted; disrupted 
by granite 
Not evident 
Felsic and mafic granu-
lites, overlain by meta-
sediments, Anmatjira 
Range 
Central Province 
Faulting; local meta-
morphism up to green-
schist 
Ngalia Basin 
Mud Tank Carbonatite 
Rare dolerite 
Local zones intense 
deformation, local 
granite 
Possible migma1i1e 
and local granulite 
metamorphism 
Local amphibolite 
metamorphism a1 
southern margin 
Granulite metamorphism, 
migmatite, anatectic 
granite 
Quartzite, rare pelitic 
gneiss, schist, and 
calc-silicate rocks, 
e.g. Mendip Meta-
morphics 
Inferred unconformity 
Peli1ic and calcareous 
rocks, amphiboli1e, e.g. 
upper Harts Range 
Group 
Layered granitic gneiss, 
e.g. Entia Gneiss, lower 
Harts Range Group 
Div. 2B locally uncon-
formable on Div. IA; 
ebewhere faulted 
Calcareous and peli1ic 
rocks; quartzofelds-
pathic gneiss, e.g. 
Cadney Metamorphics 
Felsic and mafic granu-
lites, subordinate 
metasediments, e.g. 
Strangways Metamorphic 
Complex 
Southern Province 
Overthrusting, green-
schist metamorphism, 
zones of intense 
deformation 
Amadeus Basin 
Abundant dolerite; 
gabbro, dacite 
Amphibolite meta-
morphism, migmatite, 
local granite, acid 
volcanics 
Potassic-ult ramafic 
intrusives; unmeta· 
morphosed 
Possible granite 
intrusion 
Amphiboli1e meta-
morphism, '1-lype' 
granites, local 
diorite, dolerile, 
ul1ramafic rocks 
Nor evidenr 
Metamorphosed quartz 
arenite, shale, cong-
lomerare, e.g. I wupa-
taka Metamorphic 
Complex 
Probable unconformiry 
Metasediment:., calc· 
silicate rocks, ortho-
gneiss, e.g. Hayes 
Metamorphic Complex 
Layered graniric or 
granodioritic gneiss; 
amphibolire 
Div. I thrusr over 
Div. 28 al norrhern 
margin 
Nor evident 
Not evident 
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Division 3 (the Reynolds Group) rocks in this area were also metamorphosed to granulite 
facies. Metamorphic and structural data, combined with preliminary geochronological 
results, suggest that very low P - high T (~750 °C and 2.5±0.6 kb) metamorphism in the 
Reynolds and Anmatjira Ranges area took place at -1820 Ma and was followed by 
continuing metamorphism under low P-High T (> 750 °C and 5.5±1 kb) conditions until 
1760-1730 Ma (Clarke et al., 1990; Dirks and Wilson, 1990). A later metamorphism 
producing sillimanite-biotite assemblage possibly occurred as late as 1650-1600 Ma 
(Clarke et al., 1990) when there was widespread disturbance of the Rb-Sr isotopic 
system (Black et al., 1983). In addition, granulite metamorphism also occurs in the 
Huckitta-Alcoota Sheets area and the age and style of this metamorphism is yet unknown. 
Overall, the Northern Arunta Province was extensively intruded by granites between ca 
1820 Ma and 1650 Ma (Clarke et al., 1990). 
The Central Arunta Province 
The central province comprises multiply folded mafic and felsic orthogneisses 
intercalated with and locally overlain by subordinate aluminous, siliceous and calcareous 
metasediments and are assigned to the granulitic Division 1 (the Strangway Metamorphic 
Complex) and the amphibolitic Division 2 (the Harts Range Group). Field relationships 
and geochemistry of the granulites suggest that their protoliths comprised an assemblage 
of bimodal (tholeiitic basalt-dacite/rhyolite) volcanics and minor immature sediments, 
which was intruded by gabbros, and probably mafic and felsic sills and dykes 
contemporaneous with volcanic activity (Windrim, 1983). The Province exposes a 
deeper segment of the crust than the northern counterpart, the most widespread 
metamorphism having reached conditions as high as 8 kbars pressure and 900°C 
temperature (Windrim, 1983; Warren, 1983) at ca 1750-1800 Ma (Black et al., 1983; 
Clarke et al., 1990). Evolution of this metamorphism is characterised by an anti-
clockwise P-T-t path and long-term (-1500 Ma) isobmic cooling (Warren, 1983). Recent 
U-Pb zircon dating of felsic rocks (including a tonalitic granulite) brackets the age of D2 
deformation associated with the granulite metamorphism into 1760-1750 Ma, suggesting 
the metamorphic event is correlated in age with the second granulite metamorphic event at 
1760 Ma in the Reynolds-Anmatjira Ranges area (e.g. Collins et al., 1991). In addition, 
Norman and Clarke (1990) recognised two episodes of metamorphism, the older reaching 
5 kbars pressure and > 7 50°C temperature and a younger characterised by 7 .5 kbars 
pressure and 800 °C temperature, which again appear to be correlated with the two 
metamorphic events in the Reynolds-Anmatjira Ranges area. 
To the east, the eastern Harts Range area was also assigned to the central province 
(Shaw et al., 1984), although metamorphic grade is lower than in the Strangways Range. 
Here a repeated, extensive extension-compression tectonics along a shallow-dipping 
detachment zone, termed the Harts Range Detachment Zone, has been envisaged to have 
been in operation during the 1730-1770 Ma period (Ding and James, 1985; James and 
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Ding, 1988). The maximum extension during the process of such a tectonic cycle was 
thought to exceed 200 km! This tectonic process produced a multi-stage deformation, 
arc-type mafic and calcalkaline magmatism similar to those in modem active plate margin 
(Sivell, 1988; Foden et al., 1988) in the eastern end of the so-called "Strangways 
Orogen", and rift-related MORB-type tholeiitic magmatism (Sivell, 1988; Sivell and 
McCulloch, 1991) in the so-called "Harts Range Oro gen". The two orogens were 
separated by the Harts Range Detachment Zone, within which the Bruna granitic gneiss, 
with A-type granite affinities (Foden et al., 1988), was intruded at 1747±3 Ma (Cooper et 
al., 1988). The 1747±3 Ma was interpreted as dating the compressional stage of the 
"Harts Range Orogeny" (James and Ding, 1988). Similar to the observation made by 
Norman and Clarke (1990), Oliver et al. (1988) reported a lower pressure metamorphism 
in the older "Strangways Orogen" and a higher pressure metamorphism in the younger 
"Harts Range Orogen", which was interpreted as due to crustal thickening. However, 
Collins and Teyssier (1989) argued that all the shear zones in the Arunta Inlier, including 
the Harts Range Detachment Zone, were formed during the 300-400 Ma Alice springs 
Orogeny and there is no need to incur large-scale crustal movement and uplift in the 
Proterozoic. 
The southeastern margin of the central Province, the Arltunga-Atnarpa area was 
also assigned to the central province, which was thought to represent the core of the 
Arltunga Nappe Complex overthrust onto the Southern Province and the northern margin 
of the Amadeus Basin. The Atnarpa Igneous Complex, which was thought to intrude the 
Division 2, was formed during two magmatic events, the older at 1860-1880 Ma and the 
younger at 1750 Ma (Zhao, 1989; Zhao and Cooper, 1992). The 1860-1880 Ma older 
event is the oldest magmatic event so far observed in the Arunta Inlier, which is coeval 
with the continental scale Barramundi Orogeny recognised in other northern Australian 
terrains (Page, 1988; Wybom, 1988). Its relationship to the so-called older Division 1, 
and the "oldest" Strangways Event remains unresolved. However, the 1750 Ma younger 
event is coeval with that in the Harts Range (Cooper et al., 1988) and southern margin of 
the Strangways Range (Black and Shaw, 1992). 
After the main episodes of orogenic processes, the Central Province was also 
affected by 1700-1600 Ma Aileron Event (retrogressive amphibolite metamorphism) and 
the 1500-1400 Ma Anmatjira Event (high-grade mylonitization). Numerous retrograde 
schist zones, initiated in the mid-Proterozoic, possible underwent renewed movement 
during the 1500-1400 Ma Anmatjira Event and were substantially reactivated during the 
Devonian-Carboniferous Alice springs Orogeny (Shaw and Black, 1991). In addition, 
there is also evidence to support a substantial crustal uplift at around 1000 Ma (Windrim 
and McCulloch, 1986), intrusion of an anorogenic alkalic body, the Mud Tank 
Carbonatite at 732±5 Ma (Black & Gulson, 1978), and a localized thermal event 
associated with the intrusion of a pegmatite body at 520.j Ma. 
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The Southern Arunta Province 
The southern province is composed of banded quartzofeldspathic and granitic 
gneisses unconformably overlain by silicic and aluminous rnetasedirnents. Abundant 
granitic rnagmatism both preceded and accompanied regional deformation and 
arnphibolite-facies metamorphism. Black and Shaw (1992) inferred that most of the 
granites originally crystallized at 1660±4 Ma (U-Pb zircon age), immediately predating 
the Chewings phase deformation of the Aileron Event, which was dated by Rb-Sr at 
1590±70 Ma. Another thermal event, the Omiston Event, was dated at 1140 Ma, which 
caused extensive migmatization, open folding and the intrusion of a highly enriched 
granite (the Tea Pot Granite) and a pegmatite which produce the -1140 Ma U-Pb zircon 
age. This event was immediately followed by the intrusion of widespread dolerite 
dykes,being diagnostic of the province, which was dated at 897±9 Ma using Rb-Sr 
mineral isotopic systematics (Black et al., 1980). Extensive thrust faulting and 
greenschist-facies metamorphism occurred along the southern margin of the Arunta Inlier 
during the 300-400 Ma Alice springs Event. 
Recent studies have highlighted the fact that the boundary between the Central and 
Southern Arunta Provinces was a terrane boundary prior to crust-scale thrusting as early 
as 1500-1400 Ma (Shaw, 1987; Shaw and Black, 1991). This boundary is represented 
by the Redbank Deformed Zone (and probably also the Harry Creek Deformed Zone), 
and is a "thick-skinned" thrust zone cutting through the crust into mantle depths at an 
angle of about 45°, resulting in the Moho under the Southern Province being -20 km 
deeper than that under the Central Province (Goleby et al., 1989). This seismic reflection 
discontinuity seems also to correspond to the Omiston Nappe and Thrust Zone (Goleby et 
al., 1989). Nevertheless, such a discontinuity in the Moho depths implies concomitant 
crustal shortening in an order of 40-60 km (Shaw, 1987). Significantly different 
lithological, deformational, magmatic and metamorphic hist01ies were observed between 
the northern and southern sides of the RDZ. e.g. the main phase of magmatism occurred 
at ca. 1750-1760 Ma in the Central Province, whilst it occurred at -1660 Ma in the 
Southern Province. In terms of deformational history, the oldest readily apparent 
correlation is between D4 in Central Province and D3 in Southern Province, both of 
which produced upright folding, migmatite and recrystallization (Shaw and Black, 1991). 
Deformation earlier than this event is distinctive between both provinces. Shaw and 
Black (1991) also concluded that the movement of the RDZ was responsible for the 
repeated basement uplift/subsidence, and large scale crustal shortening/extension and the 
evolution of the Amadeus Basin. However, they considered it represented a pre-existing 
province and rheological boundary, rather a cryptic geosuture. In contrast with Shaw's 
observations and interpretation, Teyssier (1985) and Collins and Teyssier (1989) argued 
that the present distribution of Proterozoic units was largely produced in one period of 
imbricate thrusting during the Alice Springs Orogeny. This argument is largely based on 
the ambiguous interpretation of Rb-Sr mineral isotopic system. In addition, Teyssier et 
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al. (1988) also interpreted that the thrusting and shearing in the Chewings Range area, 
Southern Arunta Province is north directed, opposite to that inferred by Shaw (1987) and 
Shaw and Black (1991). 
3.4.2 Igneous rocks 
Igneous rocks, including granitoids and mafic assemblages, metamorphosed to 
different degrees, form a significant component of the Arunta Inlier. Among them, 
granitoids are predominant and are mapped throughout the Northern and Southern 
Provinces. Mafic igneous rocks are apparently minor on geological maps probably due to 
their intimate association with stratigraphic units and therefore most of them do not form 
mappable independent units. The intimate association of the mafic rocks with stratigraphic 
units suggest most of them are volcanics or shallow-intruding dykes or sills. In addition, 
mapped igneous units are also apparently few in the Central Province due to a higher 
metamorphic grade in this region where rocks of igneous parentage cannot be readily 
identified. Considering these factors, igneous lithologies would be more widespread than 
those being mapped, especially in areas of higher metamorphic grades. 
Igneous rocks in different map sheets of the Arunta Inlier have been described in a 
number of geological series Explanatory Notes (e.g. Shaw and Wells, 1983; Shaw and 
Freeman, 1985; Freeman, 1986; Offe and Shaw, 1983; Shaw et al., 1984; Shaw and 
Langworthy, 1984) and the Australian BMR Records or Reports (e.g. Shaw et al., 1975; 
1979) and therefore their distribution and stratigraphic relations will not be detailed here. 
Locations and names of major granite units can be seen in Fig. 3.3. The major 
characteristics of these igneous rocks appear to be: (1) diversity in terms of spatial and 
temporal relationships and geochemical signatures, in contrast to the assertion of Wyborn 
( 1988) about the Barramundi Igneous Association; (2) bimodity with intermediate 
components relatively rare. 
Geochemical studies of igneous rocks in the Arunta Inlier are relatively limited 
and are represented by Foden et al. (1988) and Sivell (1988) in the Harts Range area, 
Zhao and Cooper (1992) in the Atnarpa area, Windrim (1983) in the Strangways Range 
area and Warren (1989) on granites in the eastern Arunta Inlier on a reconnaissance base. 
These studies indicate that most mafic rocks in the Arunta Inlier are dominantly tholeiitic 
in composition, with rocks of alkalic affinities being relatively rare. There appears to be 
two groups of mafic rocks, with one group having flat REE patterns and positive initial 
ENd values, analogous to N-type MORB (e.g. Sivell, 1988; Sivell and McCulloch, 1991; 
Windrim, 1983), and the other group having LREE-enriched patterns and negative initial 
ENd values, typical of evolved island arc tholeiite or calcalkaline rocks (Sivell, 1988; Zhao 
and Cooper, 1992; Windrim, 1983). These geochemical features are similar to those in 
the Proterozoic belts of the Northern Hemisphere (e.g. Condie, 1987). In addition, 
studies of Foden et al. ( 1988) and Zhao and Cooper ( 1992) point to the occurrence of 
33 
Figure 3.3: Top: Reconstruction of Strangways Event (1800-1750 Ma). 
Classification of granite plutons (1-25) based largely on field evidence. Key to numbers: 
1. Winnecke Granophyre; 2. Winnecke Formation; 3. Pg-Browns Range Dome; 4. Slatey 
Creek Granite; 5. Pg-Coomarie Dome; 6. The Granites Granite; 7. Pg near Mount 
Solitarie; 8. Pga Highland Rocks; 9. Pg. NW Lake Mackey; 10. Mount Swan Granite; 
11. Jinka Granite; 12. Jervois Granite; 13. Mount Teitkens Granite Complex; 14. 
pegmatite, Redcliff, Alcoota; 15. Langford Orthogneiss; 16. Crooked Hole Granite; 17. 
Copia Granite; 18. Dneiper Granite, Pgg, Pgr; 19. Queenie Flat Granite; 20. Erenberg 
granitoid; 21. Ingula migmatite; 22. Ongeva granitoid; 23. Inkamula Granodiorite; 24. 
Huckitta Granodiorite; 25. Mount Dobbie Granite. Metamorphic age determinations: A 
and B =about 1800 Ma on Kanandra Granulite and granulite at Mount Hay respectively; 
C and D =about 1750 Ma on retrogressed Cadney and Ongeva granulites, respectively. 
Bottom: Reconstruction of Aileron Event ( 1700-1600 Ma; including Chewings phase of 
deformation). Classification of granite plutons (1-34) based largely on field evidence. 
Key to numbers: 1. Lewis Granite; 2. Pgp NENapperby; 3. Pg Mount Peake; 4. Barrow 
Creek Granite; 5. Elkedra Granite; 6. Anmatjira Orthogneiss, Alooya Gneiss, Pg; 
Ngalurbindi Orthogneiss, rapakivi phase of Wangala Granite; 8. Yakalibadgi 
Microgranite, Coniston Schist, Warimbi Schist; 9. Mount Airy Orthogneiss, Yaningidjara 
Orthogneiss; 10. Napperby Gneiss; 11. Boothby Orthogneiss; 12. pE e.g. Alcoota; 13. 
Woodgreen Granite Complex; 14. Mount Ida Granite; 15. Pg N Alcoota; 16. Samakand 
and Jericho pegmatites; 18. gneiss at Willie Rockhole; 19. gneiss near Mount Putard; 20. 
Pf - Quartzo-feldspathic gneiss of the Boggy Hole Gneiss,Hermannsburg; 21. Pp -
porphyroblastic gneiss of Boggy Hole Gneiss, H ermannsburg; 22. Pat + Pal 
quartzofeldspathic gneiss of the Boggy Hole Gneiss, Hermannsburg; 23. Burt Bluff 
gneiss; 24. Old Hamilton Downs Gneiss; 25. Rungutjirba Gneiss; 26. Alice springs 
Granite; 27. Jessie Gap Gneiss; 28. Oolbra Orthogneiss; 29. Anamarra Orthogneiss; 30. 
Trephina granitic gneiss; 31. Jennings Granitic Gneiss; 32. Atnarpa Igneous Complex; 
33. Arema Granodiorite; 34. Atneequa Granitic Complex. Metamorphic age 
determinations: A = about 1650 Ma prograde metamorphism; B = about 1600 Ma 
prograde metamorphism; C = about 1750 Ma or younger, partly reset; D = about 1700 
Ma or younger, retrograde metamorphism; E = 1551 Ma or younger, late deformation of 
pegmatite. After Shaw et al. (1984). 
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calcalkaline granitoids with ages ranging from 1880 to 1750 Ma, which are geochemically 
similar to those modern plate margins and Archean terrains. All these authors favour 
subduction-related tectonic environments for the generation of these igneous rocks. 
These findings are in contrast with arguments of Wyborn (1988) and Wyborn et al. 
(1988) for both 1850-1880 Ma old Barramundi Association and post-1820 Ma so-called 
anorogenic granitoids in central Australia. 
3.4.3 Existing geochronological framework in the Arunta Inlier 
Geochronological work on the Arunta Inlier will be reviewed in detail in the next 
chapter. Here it needs to be pointed out that previous geochronological framework was 
established mainly on the basis of Rb-Sr isochron ages, characterised by Black et al. 
(1983). Only in recent years have U-Pb zircon ages in localised areas been reported (e.g. 
Cooper et al., 1988; Black and Shaw, 1992; Zhao and Cooper, 1992) and no systematic 
framework based on U-Pb zircon ages has yet been established. The study of Black et al. 
(1983) provides the base for identification of a number tectonothermal events presented in 
Shaw et al. (1984) (see Table 3.1). The reconstruction of the Strangways and Aileron 
Events by Shaw et al. (1984) is shown in Fig. 3.3. Recent U-Pb zircon work of Black 
and Shaw (1992) appears to support the identification of the events. 
3.5 INTRODUCTION TO THE STUDY AREA 
Although much of the present work will involve interpretation of geochemical data 
available throughout the Arunta Inlier, the field area of this thesis was primarily focused 
on granites occurring on the southeastern margin of the Arunta Inlier (including those in 
the 1:250,000 scale Hermannsburg, Alice springs and /llogwa Creek Sheets areas), and 
those in the northeastern Arunta Inlier (including those in the 1 :250,000 scale Al coo ta 
and Huckitta Sheets areas). These areas have been systematically sampled for 
geochemical, isotopic and U-Pb zircon geochronological work in this study. A 
generalized geological map covering this area is shown in Fig. 4.2. 
The initial strategy of this study is to make a relatively detailed geochemical 
comparison between granites occurring on both sides of the Redbank Deformed Zone, 
and to delineate geochemical and geochronological evolution of granites in the eastern 
Arunta Inlier. 
Following is a brief description of regional geology of the area covered by field 
investigations in this study. 
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3.5.1 The Hermannsburg-Alice Springs-lllogwa Creek Sheets area 
This area covers the southeastern part of the Arunta Inlier and the overlying 
Amadeus Basin sequence. Detailed geological relationships of this area are given in 
Shaw and Wells (1983), Shaw and Freeman (1985), and Shaw et al. (1979, 1982). 
In this area, the boundary between the Central and Southern Arunta Province is 
represented by the Redbank Deformed Zone in the west and by the younger Arltunga 
Nappe Complex in the east. The Central Province comprises interlayered mafic and felsic 
granulites and minor metapelitic rocks of the Division 1 (the Strangway Metamorphic 
Complex) in the Strangways Range, and amphibolite facies metapelitic rocks and 
quartzofeldspathic gneisses of Division 2 in the Harts Range area. The Southern 
Province consists dominantly of amphibolite facies quartzofeldspathic or granitic gneisses 
and minor metasediments and amphibolites of the Division 2 in the central-west part of 
the Alice Springs Sheet and metasediment-dominated Division 3 in the Chewings Range 
area to the southwest. The Division 3 unconformably overlays the Division 2 and is 
partly bounded by the Charles River Fault. Numerous granite plutons intrude the 
Southern Province and southern and eastern parts of the Central Province (e.g. Atnarpa 
Igneous Complex and Huckitta Granodiorite) (see Fig. 3.3; Fig. 4.1). Many of these 
intrusions, e.g. the Anamarra and Oolbra orthogneisses, Gum Tree Granite, the 
Georgina Gap and Trephina granitic gneisses, and part of the Atneequa Granitic 
Complex, are characterised by their conspicuous megacrysts of rapakivi-type potash 
feldspar. Megacryst-free (or fewer) granitic rocks include the Alice Springs Granite, 
Jessie Gap and Jennings granitic gneiss, the Burt Bluff and Rungutjirba gneisses, the 
Atnarpa Igneous Complex, and the Aremra, Huckitta and Inkamulla Granodiorites. The 
Atnarpa Igneous Complex, the Huckitta, Inkamulla Granodiorites, the Alice Springs 
Granite, and probably the tonalitic-dioritic rocks of the Utnalanama granulite show 
probably similar geochemical features characterised by high Na/K, Sr, and Sr/Y (Foden 
et al., 1988; Warren, 1989; Zhao and Cooper, 1992; Black and Shaw, 1992). 
The southeastern margin of the sheets area (Chewings Range-Alice Springs-
Arltunga-eastern Harts Range) is also characterised by the intrusion of numerous small 
bodies of mafic-ultramafic meta-igneous rocks of probably different ages. In the 
Arltunga-Atnarpa-White Range area, these small bodies are probably related to the 
Atnarpa Igneous Complex. In the Alice Springs region, these rocks were variously 
assigned to Pgb and Pgw (Whistleduck Dyke Swarm), which were considered to intrude 
Division 2 rocks and the granitic units (Shaw and Wells, 1983). Field investigations in 
this study suggest that the Whistleduck Dyke Swarm is probably none existent, rather all 
of the mafic rocks (excluding the potassic-basic Mordor Complex with kimberlitic 
affinities), including many which are not mapped, are probably an amphibolitic meta-
igneous complex, similar to the Harts Range Meta-igneous complex described by Sivell 
(1988). A detailed geochemical study of these rocks is presented in Appendix 10. 
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3.5.2 The Huckitta-Alcoota Sheet area 
Detailed geological relationships about this area are given in Shaw and Warrens 
(1975), Shaw et al. (1975), and Freeman (1986). Overall, the area consists, from south 
to north, of three bands of geological entities, the Central and Northern Arunta Provinces 
and the overlying late Proterozoic to Palaeozoic Georgina Basin sequence. The Central 
and Northern Provinces are separated by the large-scale (>130 km) Delny-Mount Sainthill 
Schist Zone, which is in nature correlated with the Redbank Deformed Zone described 
above (Warren, 1978). The Central Province comprises the amphibolitic Harts Range 
Group of the Division 2 and the granulitic Strangways Range Metamorphic Complex of 
the Division 1. The Northern Province is dominated by granite plutons which intrude 
quartzofeldspathic and metapelitic rocks of the Division 2. The Division 2 sequence is 
unconformably overlain by minor metasediment-dominant Division 3. Overall, the area 
can be grouped into several small fault-bounded blocks (Freeman, 1986). 
The granites are dominantly porphyritic rapakivi-type, such as the voluminous 
Mount Swan, Jinka Granites and some unnamed units (Fig. 3.3 and Fig. 4.1). The non-
rapakivi granites include the gneissic Dneiper, Copia, Marshall and Jervois Granites and 
minor unnamed units, some of which (e.g. the Dneiper and Copia) appear to be intruded 
by the rapakivi-type suites (e.g. the Mount Swan) (Warren, 1989). Minor highly 
siliceous leucogranite plutons and numerous pegmatites (-1650 Ma) with very high Rb/Sr 
ratios (e.g. the Unca Granite) are also present. Skarn-type scheelite and other base metal 
deposits (e.g. Molyhil and Jervois Mines) occur both in the metasediment pedants within 
the Jinka Granite and the Bonya Schist intruded by numerous small granitic and 
pegmatitic bodies as well as the Jervois Granite. 
The Bonya Schist and Jervois Granite are associated with a mafic intrusion termed 
the Attutra Metagabbro, a relationship quite similar to those in the eastern Harts Range 
and the Alice Springs regions. 
Overall the area was intruded by younger unmetamorphosed and undeformed 
Ilappa Dykes (correlative of the Stuart Dyke Swarm?) and the Harts Range pegmatite 
dated at 520 Ma (Mortimer et al., 1987). 
3.6 OUTSTANDING PROBLEMS IN THE ARUNT A INLIER 
Whilst relatively detailed stratigraphic, structural and metamorphic studies have 
been undertaken in the Arunta Inlier, many problems remain to be solved. Following is a 
list of some of these problems: 
( 1 ). Problems with the tectonic and stratigraphic subdivisions: As will be 
discussed in the next Chapter, both the tectonic provinces and stratigraphic divisions are 
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not verified. e.g. the boundary between the central and northern provinces is not clearly 
defined, especially in the Reynolds-Anmatjira Ranges area, which it is transected by 
voluminous granitoids. Recent studies point to some correlations between the Central 
and Northern provinces in terms of metamorphic and igneous history (e.g. Collins, 
1992). The boundary between the Southern and Central provinces is not well defined, 
either. The Redbank Deformed Zone is considered as the boundary but it phases out in 
the eastern part of the Arunta Inlier. 
More problems have been found in the concept of divisions. As recently pointed 
out by Black and Shaw (1992), the Division of Stewart et al. (1984) may not be 
chronostratigraphic. The new U-Pb age data of Zhao and Cooper (1992) and Black and 
Shaw (1992) suggest that, in the central province, some parts of the previously 
"younger" Division Two may be more than 100 Ma older than the type Division One in 
the Strangways Range. The correlation between the Division Three sequences in the 
Southern Province (the Chewings Range) and the Northern Province (the Reynolds-
Anmatjira Ranges) is now proven to be wrong (e.g. Black and Shaw, 1992; Collins, 
1992). 
(2). Problems with the geochronologicalframework: As mentioned above and 
will be discussed in the next Chapter, the previous geochronological framework set up 
on the basis of Rb-Sr isochron ages needs to be revised using more reliable and 
interpretable U-Pb zircon ages. As will be pointed out in the next Chapter, none of the 
Rb-Sr ages can be confidently interpreted without further stratigraphic investigations. 
The previously established event concept needs to be re-evaluated and related to igneous 
activities rather than just metamorphic and deformational correlations. In this respect, a 
systematic U-Pb zircon isotopic study is much needed for a better understanding of the 
geochronological evolution of the Arunta Inlier. 
(3 ). Problems with tectonics and igneous petrogenesis in the Arunta Inlier: The 
Arunta Inlier is the largest Proterozoic terrain in central Australia, which is located on the 
southern margin of the Northern Australian Orogenic Province. The study of the Arunta 
Inlier is important for the understanding of Proterozoic tectonic and crustal evolution and 
igneous petrogenesis in central Australia. 
Based on generalised studies, ensialic tectonic models have been proposed for the 
Proterozoic evolution in central Australia (Etheridge et al. 1987). Under this tectonic 
scenario, an ensialic underplating model has been proposed for the generation of granite 
rocks in the region (Wyborn, 1988; Wyborn et al., 1988). However, these models 
include little data coming from the Arunta Inlier. None of the Barramundi-type granitoids 
have been recognised in the Arunta Inlier. There has already been evidence from the 
Arunta Inlier which is not consistent with the above ensialic models but suggests the 
operation of subduction-related plate tectonics (e.g. Foden et al., 1988; Sivell, 1988; 
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Zhao and Cooper, 1992). Therefore, further investigations in the Arunta Inlier are much 
needed to test the applicability of the proposed distinctive tectonic and granite petrogenetic 
models. 
It is beyond the scope of this thesis to resolve all the problems existing in the 
Arunta Inlier. However, efforts will be made to put constraints on some of the above 
problems. These efforts include an establishment of a new geochronological framework 
using U-Pb zircon ages, and geochemical and Sm-Nd isotopic studies into both mafic and 
granitic igneous rocks in an attempt to understand the petrogenesis and source signatures 
of these rocks. These data will be integrated to test various existing models for the 
tectonic and crustal evolution in the regions and to formulate new, self-consistent models 
for this purpose. These studies will be presented in Chapters 4, 5, 6, and 7. 
CHAPTER 4. GEOCHRONOLOGY OF GRANITES FROM 
THE ARUNTA INLIER 
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Statement: This Chapter is based on a paper coauthored by Zhao and Bennett which 
has been submitted to the Precambrian Research. A copy of the the paper is presented in 
Appendix 8. 
4.1 INTRODUCTION 
In this chapter, U-Pb zircon ages obtained using the SHRIMP ion probe are 
presented for 10 granitic samples from the Arunta Inlier. It will start with a briefreview 
of previous geochronological studies in the Arunta Inlier, followed by a brief description 
of the analytical results in this study. The second part of this chapter will focus on the 
geological and tectonic implications of the present work. 
The aim of the present work is: 
(1) to establish a general geochronological framework for granite suites in the 
Arunta Inlier to aid in the understanding of lithostratigraphic relationships, tectonic events 
and geochemical and isotopic evolution of the granites in the region; 
(2) to test the presence and extent of the 1850-1880 Ma Barramundi Igneous 
Association in the Arunta Inlier, which has been widely identified in other Proterozoic 
terrains of the Northern Australia, and to evaluate applicability of the proposed ensialic 
tectonic models for the Arunta Inlier and the proposed petrogenetic models for the origin 
of the granites; 
(3) to assess the viability of existing tectonic and stratigraphic subdivisions 
established in the Arunta Inlier. 
4.2 PREVIOUS GEOCHRONOLOGY 
Rb-Sr, K-Ar and Sm-Nd ages 
There have been numerous Rb-Sr, K-Ar and some Sm-Nd isotopic studies in the 
Arunta Inlier (e.g. Iyer et al., 1976; Majoribanks and Black, 1974; Black, 1980; Allen 
and Stubbs, 1982; Windrim and McCulloch, 1986; Shaw and Black, 1991). However, 
the work of Black et al. (1983) was the first to promote a comprehensive model for its 
overall geochronological evolution. Essentially based on Rb-Sr data alone these authors 
concluded that five major events occurred at 1800-1750 Ma (Strangways), 1650-1700 Ma 
(Aileron), 1450 Ma (Anmatjira), 900-1050 Ma (Ormiston) and 300-400 Ma (Alice 
Springs). This model has been used as a template to delineate tectono-stratigraphic 
evolution models in the Arunta Inlier. 
It has been well documented that Rb-Sr isotopic systematics are often subject to 
isotopic resetting during deformation, metamorphism or even low-grade alteration, and 
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therefore Rb-Sr isochron ages of granite suites are generally younger than their U-Pb 
zircon ages and record subsequent deformational and metamorphic events (e.g. Page, 
1978; Van Schmus et al., 1987). In case of partial isotopic resetting, interpretation of 
such Rb-Sr isochron data is usually ambiguous and may be geologically meaningless 
(Page, 1978). Considering the complex metamorphic and deformational history in the 
Arunta Inlier, few of the Rb-Sr data obtained can be confidently interpreted as the ages of 
crystallization. 
The ambiguity of the Rb-Sr isochron ages can be shown in Fig. 4.1. In this 
figure, a compilation of Rb-Sr ages shows a continuous age spectrum in the range of 
1400- 1800 Ma, although there is an apparent discontinuity at 1600 Ma. It is obviously 
difficult to relate this continuous spectrum to discrete "events" without geological 
assessment of individual datum. The second (900 - 1200 Ma) and third (300-400 Ma, 
defined mainly by Rb-Sr mica ages) segments possible correspond to the Omiston Event 
and the well-defined Alice Springs Orogeny in the region. 
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Figure 4.1: Summary of existing Rb-Sr isochron ages from the 
Arunta Inlier. Data from Black et al. (1983), Shaw et al. (1984), Shaw 
and Black (1991), Windrim and McCulloch (1986) and Black (1980). 
Collins (1992) has compiled the 40 Ar-39 Ar ages from the Arunta Inlier and a 
similar continuum of ages has also been obtained, suggesting the 40 Ar-39 Ar ages are also 
ambiguous. 
Poorly constrained Sm-Nd whole-rock isochron ages of -2.0 Ga were defined by 
samples with a wide geographic spread and diverse origin from the Arunta Inlier (e.g. 
Black & McCulloch, 1984; Windrim and McCulloch, 1986). These ages have been 
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interpreted as the time of initial crustal formation. However, it cannot be verified whether 
these isochrons represent a mantle isochron derived by mantle fractionation and partial 
melting or a pseudo-isochron resulting from mixing of two components with distinctive 
isotopic compositions. 
U-Pb zircon ages 
So far, only four significant U-Pb zircon studies have been published (Mortimer 
et al., 1987; Cooper et al., 1988; Zhao and Cooper, 1992; Black and Shaw, 1992). 
Unpublished U-Pb data of Collins et al. (1992) from the Reynolds Range area have been 
referenced by Clarke et al. (1990), Dirks and Wilson (1990) and Dirks and Hand (1991). 
The most recent, yet informally published U-Pb data are presented in the Abstract Volume 
of a recent Geological Society of Australia SGGMP Workshop titled The Application of 
Geochronology to Field Related Geological Problems (e.g. Black, 1992; Collins, 1992; 
Shaw et al., 1992; Young et al., 1992; Williams & Collins, 1992). 
These studies suggest that granitic activity, deformation and metamorphism 
probably occurred during several discrete episodes. The oldest of such events is 
represented by ages of the Atnarpa Igneous Complex, SE Arunta Inlier (Zhao & Cooper, 
1992) and a granite intruding the Lander Rock Bed, western Arunta Inlier (Young et al., 
1992), which were intruded at 1870-1880 Ma. However, the dominant group of zircon 
ages fall into the range of 17 45-17 80 Ma, and has been considered as recording the 
Strangways Event (Black and Shaw, 1992). In the Central Province, Black and Shaw 
(1992) considered that major granite intrusion, high-strain deformation and granulite 
metamorphism occurred with a short time-span of 17 60 - 17 50 Ma. In the Harts Range, 
Cooper et al. (1988) interpreted that a repeated, extensive extension-compression tectonic 
cycle along a shallow-dipping detachment zone has occurred between 1767-±2 Ma, when 
the protolith of the "pre-tectonic" Entia orthogneiss was intruded, and 1747±3 Ma when 
the protolith of the "syn-tectonic" Bruna Gneiss was formed. In the Reynolds Range, 
Collins (1992) argued that the second tectonic event in the region, characterised by 
distinctive deformation, low-P, high-T granulite metamorphism and granite intrusion has 
occurred at 1770 - 1780 Ma which was considered as being correlated with the 
Strangways Event in the Central Province. The third significant age group is defined by 
granites in both the Southern Arunta Province and the Napperby-Mount Doreen area, 
which give ages of 1635 to 1670 Ma (Young et al., 1992; Collins, 1992; Black and 
Shaw, 1992). Based on these data, Black and Shaw (1992) argued that the Southern 
Province of the Arunta Inlier is significantly different from the Central Province. 
In addition to the above significant age groups, U-Pb ages at around 1820 Ma 
(Reynolds Range), 1720-1730 Ma (Strangways and Harts Ranges), 1140 Ma (Mt. Zeil 
pegmatite) and 520 Ma (Harts Range pegmatite) were also reported by Windrim (1983), 
Cooper et al. (1988), Mortimer et al. (1987), Clarke et al., (1990), and Black and Shaw 
(1992). 
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4.3 ZIRCON U-Pb ISOTOPIC RESULTS 
Ten granite samples were collected for U-Pb zircon age determination using the 
SHRIMP ion microprobe. The geological context of the major granite suites sampled for 
this study are listed in Table 4.1 and sample localities shown in Fig. 4.2. The analytical 
results are presented in Appendix 9 and ages shown in Figs. 4.3 to 4.12. Analytical 
uncertainties presented as error boxes in Figs. 4.3 to 4.12 are at lcr uncertainties. The 
ages calculated for each granite are weighted means quoted at 95% confidence level, 
unless otherwise indicated, and are listed in Table 4.2. The analytical procedures are 
described in Appendix 9. 
Since the primary aim of this study is to obtain magmatic crystallization ages of 
major granite suites intruding the Southern and Northern Arunta Provinces to establish a 
geochronological framework for this region, the samples were selected from areas where 
metamorphic grade is relatively low, ensuring the preservation of magmatic zircon 
isotopic system. 
Detailed descriptions and interpretations of analytical data are presented in 
Appendix 9 and will not be outlined here. 
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Table 4.1: Major granite suites sampled for U-Pb zircon ion probe analysis. * Grid Reference. 
Unit Stratigraphic Relations Rock Type 
Southern Arunta Province 
Alice Springs Granite 
(Sample 89-525, Locality 1) 
5650-837840* 
Jessie Gap Gneiss 
(Sample 89-510, Locality 2) 
5750-015793 
Randall Peak Metamorphics 
(Sample 89-492, tonalitic 
gneiss, Locality 3) 
5751-350089 
Atneequa Granitic Complex 
(Sample 89-543, Locality 4) 
23 °33 '48"S,135°7'12"E 
Boggy Hole Gneiss 
(Sample 89-515, Locality 5) 
5550-302917 
Burt Bluff Gneiss 
(Sample 89-512, Locality 6) 
5650-635717 
Rungutjirba Gneiss 
(Sample 91-554, Locality 7) 
5650-691798 
Probably intrudes Sadadeen Range gneiss; intrudes 
pf.pp; intruded by Stuart Dyke Swarm. 
Nonconformably overlain by the Heavitree 
Quartzite 
Nonconformably overlain by Heavitree Quartzite; 
concordant contact with the Division 2 sequence 
pEpb; grades into pE of Division 2; intruded by 
Stuart Dyke Swarm 
Division 2. Concordant but locally intruded by 
Jennings, Trephina and Georgina Gap granitic 
gneisses. Intruded by Mordor Igneous Complex 
Intrudes the Albarta Metamorphics and pEf of the 
Division 2 
Probably the granitic basement to the Chewings 
Range metasediments (Teyssier et al., 1988). 
Deformed and metamorphosed during the Chewings 
phase of the Alieron Event at 1585±70 Ma 
(Marjoribanks and Black, 1974). Intruded by Stuart 
Dyke Swam. 
Intrudes Simpsons Gap Metasediments of the 
Division 3; nonconformably overlain by Heavitree 
Quartzite of the Amadeus Basin; intruded by Stuart 
Dyke Swarm 
White muscovite-biotite trondhjemite 
Biotite-feldspar granitic gneiss. Main 
phase slightly porphyritic gneissic 
granite. 
Quartzofeldspathic gneiss with minor 
amphibolite and biotite gneiss 
interlayers. Amphibolite facies 
metamorphism 
Consists of granodiorite, granite, 
diorite, granitic gneiss, amphibolite 
and syenite. Many xenoliths of the 
country rocks. Clear contact 
metamorphism 
Includes Pf (quartzofeldspathic 
gneiss), Pp (porphroblastic granitic 
gneiss), Paf (leucocratic 
quartzofeldspathic gneiss) and Pal 
(laminated granitic gneiss), all garnet-
bearing. 
Fairly homogeneous granitic gneiss. 
Rare metasedirnentary xenoliths 
Conformably overlain by the Chewings Range Fairly homogeneous granitic gneiss. 
Quartzite. Could be volcanic equivalent of the Burt Finer-grained than Burt Bluff Gneiss 
Bluff Gneiss 
Northern Arunta Province (Huckitta-Alcoota Sheets) 
Jervois Granite 
(Sample 89-567, Locality 8) 
22°43'54"S, 136°13'12"E 
Dneiper Granite 
(Sample 89-554, Locality 9) 
22°41'42"S, 135°2'48"E 
Mount Swan Granite (Sample 
89-551, Locality 10) 
22°33'18"S, 134°57'18"E 
Possibly intrudes the Bonya Schist of Division 2 
and the Attutra Metagabbro. Consists of numerous 
pendants and rafts of metamorphic country rocks. 
Intrude Division 2 (pEv). Intruded by Mount Swan 
Granite and unnamed granites (Pgk and Pg), and by 
dolerite and gabbro. Equivalent to unnamed Pgg. 
Correlated with Copia and Crooked Creek Granites 
in Alcoota Sheet (Shaw & Warren, 1975) 
Intrudes Perenti Metamorphics of Division 2 
(Freeman, 1986) and probably Division 3 rocks 
(Shaw and Warren, 1975). Contains many rafts of 
Division 2 rocks. Equivalent to unnamed Pgk. 
Lithologically and geochemically correlated with 
Mount Ida Granite in the Alcoota Sheet 
Biotite granodiorite. Rb-Sr isochron 
age 1775±37 Ma (Black, 1980). 
Could be correlated with unnamed 
Pgn, a gneissic hornblende biotite 
granodiorite. 
Grey, biotite-rich gneissic granite, 
locally hornblende-bearing and 
numerous small xenoliths. 
Considered the oldest granite in the 
region 
Pink, porphyritic to megacrystic with 
phenocrysts up to 100 mm. 
Groundmass consists of quartz, 
orthoclase, plagioclase (An30), 
hornblende and accessory minerals 
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Figure 4.2: Simplified geological map of the eastern Arunta Inlier, central Australia, 
illustrating the distribution of the major stratigraphic divisions, granitoids and structural 
boundaries (after Zhao and Cooper, 1992). ANC = Arltunga Nappe Complex, RDZ = 
Redbank Deformed Zone, HRDZ =Harts Range Detachment Zone, /SZ = Illogwa Schist 
Zone, DFZ = Delny Fault Zone, MSZ =Mount Sainthill Schist Zone. Abbreviations in 
comers of 1 :250,000 sheet areas denote sheet names as follows: A = Alcoota; AS = Alice 
Springs; H = Hermannsburg; HU = Huckitta; IC = Illogwa Creek. Initials of major 
granite suites are: AGC = Atneequa Granitic Complex; AIC = Atnarpa Igneous Complex, 
AS= Alice Springs Granite, BB= Burt Bluff gneiss; BG= Bruna Gneiss; BH =Boggy 
Hole Gneiss; D = Dneiper Granite; EOC = Entia orthogneiss complex; JG = Jessie Gap 
Gneiss; JN = Jennings Granitic Gneiss; JV = Jervois Granite; MS = Mount Swan 
Granite; RG = Rungutjirba Gneiss. Black dots with numbers are localities of samples 
for U-Pb zircon dating (refer to Table 4.1). 
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Figure 4.3: U-Pb zircon concordia diagram for the Alice Springs Granite. 
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Figure 4.4: U-Pb zircon concordia diagram for the Jessie Gap Gneiss. 
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Figure 4.8: U-Pb zicon concordia diagram for the Burt Bluff Gneiss. 
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Figure 4.9: U-Pb zicon concordia diagram for the Rungutjirba Gneiss. 
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Figure 4.10: U-Pb zicon concordia diagram for the Jervois Granite. 
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Table 4.2: Summary of U-Pb zircon ages of the Arunta Granites obtained in this study 
Units Number Mean 207pbj206pb Comments 
of data age (Ma) 
Alice Springs Granite (89-525) 15 1752±11 crystallization age 
3 1860±20 (2cr) inheritance age 
Jessie Gap Gneiss (89-510) 17 1747±9 crystallization age 
tonalitic gneiss of the Randall 20 1771±9 crystallization age 
Peak Metamorphics (89-492) 
Atneequa Granitic Complex 9 1762±9 crystallization age 
(89-543) 3 1715±19 (2cr) metamorphic age or 
analytical outlier (?) 
Boggy Hole Gneiss (89-515) 13 1648±10 crystallization age 
2 1724±24 (2cr) inheritance age 
Burt Bluff Gneiss (89-512) 16 1603±7 crystallization age 
Rungutjirba Gneiss (91-554) 7 1615±11 crystallization age 
Jervois Granite (89-567) 23 1771±6 crystallization age 
Dneiper Granite (89-554) 12 1762±14 unweighted mean; 
biassed by 
discordant data 
9 1771±15 unweighted mean; 
crystallization age 
3 1861±19 (2cr) inheritance age 
Mount Swan Granite (89-551) 13 1713±7 crystallization age 
4.4 DISCUSSION 
4.4.1 Problems with previous tectonic and stratigraphic subdivisions 
As described in Chapter 2, the Arunta Inlier has been subdivided into three 
tectonic provinces (Southern, Central and Northern) with contrasting tectonic evolution 
histories. The supracrustal sequence of the Arunta Inlier was subdivided into three broad 
stratigraphic groups, namely Divisions 1, 2 and 3 on the base of lithological, 
deformational, metamorphic and magmatic correlations. Division 1 is considered to be 
the oldest, whilst Division 3, the youngest. 
Are the tectonic provinces justified? The essential differences among the tectonic 
provinces are the contrasting metamorphic grades as well as different styles of 
deformation (Shaw et al., 1984). The contrasting tectonic histories between the Central 
and Southern Provinces, bordered by the mantle-deep Redbank Deformed Zone, have 
been discussed in detail by Shaw and Black (1991). 
53 
However, the main problems with the above tectonic subdivision are: (1) although 
the boundary between the Central and Southern Provinces is well defined in the western 
part of the Arunta Inlier, such a boundary is equivocal in the eastern part; (2) the 
boundary between the Central and Northern Provinces is not clearly defined, to the west, 
it appears to be a metamorphic boundary, rather than a tectonic boundary as initially 
suggested. 
The tectonic boundary between the Central and Northern Provinces cannot be 
justified by this geochronological work. This study suggests that major granite plutonism 
in the Northern Province occurred within the range of 1715-1770 Ma (the Dneiper, 
Jervois and Mount Swan Granites), similar to those in the Reynolds Range area to the 
west (Collins, 1992) and the Central Province (Black and Shaw, 1992; Zhao and Cooper, 
1992). Collins (1992) argued that metamorphic and deformational histories are also 
similar between the Reynolds Range (Northern Province) and the Strangways Range 
(Central Province). 
Based on limited U-Pb data, aided by detailed structural work of Shaw and Black 
(1991) mainly in the Omiston Gorge area, Black and Shaw (1992) suggest that the 
Southern Arunta Province is distinctive from the rest of the Arunta Inlier, with the 
boundary being located at the present-day Redbank Deformed Zone. They considered that 
granite plutonism was much younger in the Southern Province (- 1660 Ma) than in the 
Central Province (1750-1760 Ma). However, this study indicates that 1750-1770 Ma 
magmatic event is also widespread in the Southern Province (e.g. Figs. 4.3-4.6), in 
addition to the Central and Northern Provinces. The younger magmatic activities, as well 
as younger Nd model ages and typical Division 3 metasediments were restricted only to 
the mapped "Division 3" area of the Southern Province. It is therefore argued that it is the 
mapped "Division 3" in the Southern Arunta Province, not the Southern Arunta Province 
itself, that is distinctive from the rest of the Arunta Inlier. The mantle-deep geophysical 
discontinuity present beneath this area may be correlated with the Omiston Nappe Thrust 
Zone and more easterly the Charles River Fault Zone, both being the boundary of the 
Division 3 in the Southern Province, rather than the Redbank Zone. Further 
investigations are required to clarify this problem. 
Are the stratigraphic subdivisions justified? In earlier integrated studies of the Arunta 
Inlier, Stewart et al. (1984) put forward a simplified evolutionary model for the 
stratigraphy, in which the supracrustal successions of the Arunta Inlier were assigned to 
three sequential divisions separated in part by unconformities. In this model, the 
evolution of the Arunta Inlier was considered to begin with rift-related mafic and felsic 
bimodal volcanism followed by shale and limestone deposition, deformation, 
metamorphism and emergence (Division 1). Flysch sedimentation and volcanism 
(Division 2) then continued in geosynclinal troughs flanking the uplifted Division 1, and 
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were followed by platformal deposition of thin shallow-marine sediments (Division 3), 
further deformation, and episodes of metamorphism and granitic intrusion. 
Recently, the above model has been questioned on the ground that the limited 
unconformities cannot be confidently established among the divisions in most parts of the 
Arunta Inlier (e.g. Dirks and Wilson, 1990). Other questions focus on the viability of 
regional lithostratigraphic and deformational correlations, within a multiply folded and 
deformed metamorphic terrain. 
The recent geochronological studies raise more doubt about the concept of the 
established stratigraphic subdivisions. e.g. Black and Shaw (1992) suggest that the 
division definition may not necessarily be chronostratigraphic. They as well as Collins 
(1992) noticed that the Division 3 in the Southern Province is younger than 1660 Ma, 
whilst Division 3 in the Reynolds Range area is probably as old as 1780-1820 Ma. In 
addition, this study suggests that Division 2 intruded by the Jervois Granite and Dneiper 
Granite in the Huckitta Sheet region has a minimum age of 1770 Ma. Zhao and Cooper 
( 1992) demonstrated that. the Divisioo 2 supracrustal assemblage. intruded by the Atnarpa 
Igneous Complex must be older than 1880 Ma. However, Black and Shaw (1992) 
demonstrated that the Utnalanama Granulite, which was considered to be typical of the 
Division 1, is only 1763~; Ma old. In this case, the "older" Division 1 is more than 100 
Ma younger than the presumably "younger" Division 2. Furthermore, according to these 
geochronological studies, whilst the Division 2 in the Atnarpa area was older than 1880 
Ma, the Division 3 in the Chewings Range area was younger than 1660 Ma (Black and 
Shaw, 1992; this study), and is probably only 1615 Ma old, as indicated by the 
Rungutjirba Gneiss, which is considered to be conformably overlain by the Chewings 
Range Quartzite (R.D. Shaw, pers. comm.). This indicates that sedimentation and 
volcanism in the Arunta Inlier may have continued over a period of 270 Ma and therefore 
cannot be considered as representing a single ensialic rifting cycle as envisaged by 
Stewart et al. (1984). 
4.4.2 The presence and extent of Barramundi Orogeny in the Arunta Inlier 
It has been proposed (e.g. Etheridge et al., 1987; Wyborn, 1988) that the 
Proterozoic crustal evolution of central Australia is characterised by ensialic tectonics. In 
this model, ensialic rifting started at around 2.2-2.0 Ga, followed rapidly by mafic 
volcanism and underplating within preexisting, probably Archean crust, as a result of 
small scale mantle convection. Subsequent heat loss after the output of the mafic magmas 
caused termination of convection, thermal subsidence of the stretched regions and 
gravitational instability-driven crust-mantle delamination and A-subduction (See Fig. 
2.3). Delamination provided the driving force for compressive orogeny, partial melting 
of the underplated mafic layer and emplacement of widespread, geochemically uniform 1-
type granitoids termed the Barramundi Igneous Association. The metamorphic evolution 
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associated with this orogenic cycle is characterised by high-T, low-P metamorphism with 
an anti-clockwise P-T-t path. Key evidence in support of this model is the widespread 
occurrence of the 1850-1880 Ma I-type Barramundi Igneous Association. This 
association has distinctive and uniform geochemical and isotopic signatures and is 
characterised by enriched K20, Rb, REE, Th, and U and depleted MgO, CaO, Ni and Cr 
contents and low 87sr;86Sr initial ratios compared with Phanerozoic analogues. Wybom 
(1988) considered the Barramundi igneous activity as "orogenic" and all the other igneous 
events in the region, regardless of variation in composition and age, as "anorogenic". 
Based primarily on geochemical criteria, a number of granite suites throughout 
the Northern Australian Orogenic Province, including the Jervois Granite in the Arunta 
Inlier, have been assigned to the Barramundi Association (Wyborn, 1988). Warren 
(1989) also suggested, on the basis of geochemical correlation, that the Dneiper and 
Copia Granites in the Huckitta-Alcoota area, the Napperby orthogneiss and its 
correlatives in the Reynolds Range area, as well as the Ali Curung Complex in the 
Crawford Range area, are also probably typical Barramundi-type granite suites. 
However, this study, as well as others (e.g. Cooper et al., 1988; Black and 
Shaw, 1992; Collins, 1992), clearly suggests that major granite plutonism and related 
tectonic events in the Arunta Inlier occurred during the period of 1710-1770 Ma, more 
than 100 Ma younger than the Barramundi Orogeny. The previously proposed 
Barramundi-type suites (e.g. the Jervois and Dneiper Granites) were intruded at -1770 
Ma. Only the Atnarpa Igneous Complex, which is geochemically unrelated to the 
Barramundi Association (Zhao and Cooper, 1992), and a granite suite intruding the 
western Arunta Inlier (Young et al., 1992) are found to be of a Barramundi age. The 
younger ages of major deformational, magmatic and metamorphic events in the Arunta 
Inlier could be related to the fact that it is located on the southern margin of the Northern 
Australian Orogenic Province (Plumb, 1979; Shaw and Black, 1991), where active 
continental margin-type tectonics have remained operative and in fact may have intensified 
after the Barramundi Orogeny to the north (Zhao and Cooper, 1992). The younger ages 
of the geochemical correlatives of Barramundi Association in the Arunta Inlier also 
indicate that care must be taken in using generalised geochemical criteria for delineation of 
genetically and chronologically related granite suites over a continental scale (e.g. 
Wybom, 1988). 
Moreover, the age of peak granulite metamorphism in the Central Arunta 
Province, the typical granulite metamorphism with an anti-clockwise P-T-t path, was 
delineated within 1750-1760 Ma (Black and Shaw, 1992), more than 100 Ma younger 
than the Barramundi Orogeny. Therefore, this style of metamorphism, which is 
considered as key evidence for rift-related ensialic tectonics by Etheridge et al. (1987), 
cannot be exclusively associated with the Barramundi Orogeny. 
Information about the mafic underplate, which was the proposed source material 
of the Barramundi Igneous Association, is provided by inherited zircon cores identified in 
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rocks of the Barramundi suites (Page and Williams, 1988). These zircons yield ages in 
the range of 2.1-2.2 Ga and were considered as recording the underplating event. 
Inherited zircons with Early Proterozoic to Late Archean ages were identified in the Alice 
springs and Dneiper Granites (Figs. 3 & 11 ). However, these ages scatter over the 
whole Late Archean-Early Proterozoic period, ranging from 2.6 Ga to 1.9 Ma, rather than 
clustering at 2.1-2.3 Ga. It is unrealistic that a single underplating event, considered by 
Etheridge et al. (1987) as part of a short-lived and aborted Wilson Cycle, could have 
continued for a period of 700 million years. Moreover, geochemical and isotopic 
features of both the zircons and their host rocks vary considerably, in contrast with the 
uniform nature of the Barramundi Association. 
Although 1710-1770 Ma zircon ages are predominant, 1850-1880 Ma 
Barramundi-type ages are indeed identified in the Arunta Inlier. Apart from the Atnarpa 
Igneous Complex, which yielded three ages ranging from 1860-1880 Ma (Zhao and 
Cooper, 1992), and a granite suite in the Lander Rock Beds, which yields an age of 
1880±5 Ma, inherited zircons with Barramundi-type ages were also widely recognised in 
many 1750-1770 Ma granites in the Arunta Inlier, such as the Alice Springs Granite 
(Fig. 4.3), the Dneiper Granite (Fig. 4.11), the Jessie Gap Gneiss (Fig. 4.4), the 
tonalitic gneiss of the Randall Peak Metamorphics (Fig. 4.5), as well as some granitic 
rocks reported by Clarke et al. (1990) and Black and Shaw (1992). Individual 
207pb/206pb ages of these inherited zircons range from 1830 Ma to 1890 Ma. The 
weighted mean of 207pbf206pb ages for such zircons obtained for the four samples in this 
study is 1855±11 Ma (2cr for 9 data), well within the range for the Barramundi 
Association. This suggests the 1850-1880 Ma magmatic event may have expressed in the 
Arunta Inlier, but has been obscured by the more widespread 1710-1770 Ma tectonic 
events. 
4.3.3 A revised geochronological framework of the Arunta Inlier 
Existing U-Pb zircon ages from the Arunta Inlier are summarised in Fig. 4.13a. 
They include both the ages determined in this study and those reported by Mortimer et al. 
(1987), Cooper et al. (1988), Zhao and Cooper (1992), Black and Shaw (1992) and 
Clarke et al. (1990). The most recent informally published data (e.g. (e.g. Black, 1992; 
Collins, 1992; Shaw et al., 1992; Young et al., 1992; Williams & Collins, 1992) are not 
included in this summary. From this figure it is seen that major granitic activities in the 
Arunta Inlier occurred during the following episodes: 1850-1880 Ma, 1820 Ma, 1750-
1770 Ma, 1710-1730 Ma, 1650-1660 Ma, 1600-1615 Ma, 1140 Ma (intrusion of the 
Redbank Hill Pegmatite), and 520 Ma (intrusion of the Harts Range pegmatite). This 
pattern is essentially similar to that reported by Page (1988) for other Proterozoic terrains 
of northern Australia, although the significance of each event varies between the two 
regions (Fig. 4.13b ). In Page (1988), the 1850-1880 Ma Barramundi Igneous Activity is 
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Figure 4.13: A. Summary of U-Pb zircon ages on granites and granitic gneisses from the Arunta Inlier. 
Data from this study, Mortimer et al. (1987), Cooper et al. (1988), Zhao and Cooper (1992), Black and Shaw 
(1992) and Collins et al. (1992). The 1137 ± 8 Ma Redbank Hill pegmatite (Black and Shaw, 1992) and 520 ± 
5 Ma Harts Range pegmatite (Mortimer et al., 1987) are not shown in this diagram. Major granitic activities can 
be grouped into 6 episodes, i.e. 1860-1880 Ma, 1820 Ma, 1750-1770 Ma, 1710-1730 Ma, 1650-1660 Ma, 
and 1590-1615 Ma, with the 1750-1770 Ma episode being the dominant one in the Arunta Inlier. B. 
Comparison of magmatic events in the Arunta Inlier as indicated by U-Pb zircon ages, with those in other 
terrains of Northern Australia (Page, 1988) as well as Colorado, SW United States (Bickford et al., 1989; 
Premo & Van Schmus, 1989). Darker patterns correspond to more intense events. See text for discussion. 
58 
the dominant event, especially in the Mount Isa, Pine Creek and Halls Creek Inliers, 
whilst in the Arunta Inlier, the main orogenic event is 1750-1770 Ma. In terms of 
intensity of magmatic events, the situation in the Arunta Inlier is also similar to the 
Proterozoic belts in Colorado, southwestern United States (e.g. Bickford et al., 1989; 
Premo and Van Schmus, 1989), where most of the granites formed during 1700-1780 
Ma (Fig. 4.13b). 
The 1850-1880 Ma episode, as described earlier, is represented by the intrusion 
of two older suites of the Atnarpa Igneous Complex (Zhao and Cooper, 1992), the 
granite suite in the Lander Rock Beds (Young et al., 1992), and expressed by the 
presence of inherited zircons in the 17 50-1770 Ma old granites as determined by the 
SHRIMP. These zircon ages suggest that remnant of the Barramundi Orogeny is indeed 
present in the Arunta Inlier. However, this does not necessarily suggest that the style of 
the orogeny is ensialic and the granites were sourced from the so-called mafic underplate 
(see Zhao and Cooper, 1992). 
The 1820 Ma episode is indicated by intrusion of the Haverson Granite and 
possibly the Stafford Granite of the Reynolds Range area (Clarke et al., 1990; Collins et 
al., 1992). The intrusion was associated with low-P, high-T metamorphism, up to 
granulite facies, and E-W compressive deformation. This episode was termed the 
Stafford orogeny (Collins, 1992). 
1750-1770 Ma episode, as discussed above, is defined by the majority of U-Pb 
zircon ages from the Arunta Inlier. Zircon ages within this range were obtained from a 
number of major granitic suites throughout the Arunta Inlier (e.g. Table 4.2; Fig. 4.13; 
Clarke et al., 1990; Black and Shaw, 1992; Cooper et al., 1988; Zhao and Cooper, 
1992). As described before, they include the Dneiper Granite, the Jervois Granite, the 
Napperby Orthogneiss and the Possum Creek Chamockite in the Northern Arunta 
Province; the Redbank Hill migmatitic gneiss and leucogranite, the tonalitic rock 
Utnalanama Granulite, the Entia Orthogneiss, the Bruna Gneiss, and the younger tonalite 
of the Atnarpa Igneous Complex in the Central Arunta Province; and the Jessie Gap 
Gneiss, the Alice Springs Granite, the Jennings Granitic Gneiss and the Atneequa 
Granitic Complex in the Southern Arunta Province. The widespread intrusion of these 
essentially syntectonic granite suites throughout the Arunta Inlier is considered to be 
associated with a major orogenic event (characterised by granulite metamorphism and 
multiple ductile deformation) in the region, referred to Collins (1992) and Black and 
Shaw (1992) as the Strangways Event or Orogeny. 
The 1710-1730 Ma episode is characterised by the intrusion of the "post-
Strangways (Event)" Mount Swan Granite (1713±8 Ma) in the Huckitta-Alcoota Sheets 
area, as well as the 1726±4 Ma late-tectonic Wuluma Granitoid in the central Province 
(Collins, 1992). Since the Mount Swan Granite intrudes the deformed Dneiper Granite 
and is not foliated, the above age defines the minimum age of the deformation in the 
Dneiper Granite. The Mount Swan Granite is geochemically correlated with the Mount 
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Ida Granite and some unnamed units in the region. They, together with the voluminous 
Jinka Granite in the central part of the Huckitta Sheet, the Barrow Creek Granite in the 
Barrow Creek Sheet, and the less-deformed microgranite and leucogranite phase of the 
Napperby Orthogneiss, as well as the Wuluma Granitoid, form a distinctive high-heat-
production (HHP) supersuite characterised by pronounced enrichment in K, Th and U 
and other incompatible elements such as Rb, ZI, Nb and Y (Warren, 1989). All these 
suites are unfoliated and intrude coexisting, less-enriched and foliated granite suites, 
respectively. Such field relations reaffirm that the HHP granites were intruded during a 
distinctive tectonothermal event, rather than a continuation of the 1750-1770 Ma event, 
although the gap between the two events cannot be clearly defined by the SHRIMP zircon 
ages (e.g. Fig. 4.13). In addition, a muscovite leucogranite (1732±6 Ma) and a 
interlayering amphibolite (1730±1 Ma) in the Entia Dome also yield zircon ages falling 
into the 1710-1730 Ma range. These zircon ages may have recorded a crustal thickening 
and metamorphic event in the eastern Arunta Inlier (e.g. Collins, 1992; Cooper et al., 
1988) and therefore the 1710-1730 Ma was referred to as the Harts Range Orogeny in 
this region (Collins , 1992; James and Ding, 1988). 
Furthermore, an inherited zircon age of 1724±24 Ma (2cr) obtained in the Boggy 
Hole Gneiss suggests that 1710-1730 Ma old rocks may be present in its source region. 
The 1650-1670 Ma episode is recorded in the Southern Province by the Boggy 
Hole Suite and a migmatitic gneiss in the Glen Helen area (Black and Shaw, 1992), both 
of which have been considered by Teyssier et al. (1988) as the granitic basement to the 
Chewings Range metasediments, the type Division 3 of Stewart et al. (1984). Therefore, 
the 1650-1660 Ma is the maximum age of the Division 3. In addition, zircon components 
with ages falling into this range were also identified in the Alice Springs Granite, the 
Jennings Granitic Gneiss, the tonalitic gneiss of the Randall Peak Metamorphics and the 
Napperby Orthogneiss. Although interpretation of these age components is still 
ambiguous, the areas where these granite suites intruded have been affected by the~ 1650 
Ma thermal Aileron Event (e.g. Black, 1980; Black et al., 1983). 
The 1600-1615 Ma thermal-magmatic episode was recorded in the Division 3 of 
the Southern Arunta Province. Here the Burt Bluff and Rungutjirba Gneisses were 
intruded during the period of 1606±7 Ma to 1615±11 Ma. R.D. Shaw (pers. comm.) 
suggested that the Rungutjirba Gneiss was probably a volcanic equivalent of the Burt 
Bluff Gneiss and was interlayered with the Simpson Gap metasediments. Both the 
metasediments and the gneisses were then folded and deformed during the Chewings 
phase deformation of the Aileron Event, dated at 1590 ± 70 Ma by Rb-Sr isotopic 
systematics (Majoribanks and Black, 1974). Thus, the ages of the two gneisses define 
the depositional age of the Chewings Range metasediments and constrains the maximum 
age of the Chewings phase deformation. 
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4.5 SUMMARY AND CONCLUSIONS 
1. The present U-Pb zircon age data, combined with those of previous studies, 
indicate that the majority of the granite suites in the Arunta Inlier were intruded during 
1750-1770 Ma. This is significantly younger than the 1850-1880 Ma Barramundi 
Igneous Association, which was previously considered as representing the main orogenic 
event in the region. These ages also demonstrate that the low-P, high-T granulite 
metamorphism with a distinctive anti-clockwise P-T-t path in the Arunta Inlier, the only 
type identified in the Northern Australian Orogenic Province, is unrelated to the 
Barramundi Orogeny. The use of the P-T-t data from the Arunta Inlier by Etheridge et al. 
(1987) to support their arguments for the rifting nature of the Barramundi Orogeny is 
now proven to be wrong. 
2. Some granite suites in the Arunta Inlier, which previously were assigned to 
the Barramundi Igneous Association based on geochemical arguments (e.g. Wyborn, 
1988; Warren, 1989), are actually 1760-1770 Ma old, about 100 Ma younger than would 
be expected. This therefore mitigates against the use of generalized geochemical criteria 
for the grouping of granite suites on regional scales. 
3. Inherited zircons with 1850-1880 Ma Barramundi ages are identified in several 
granitic suites, which, combined with the 1870-1880 Ma ages of the Atnarpa Igneous 
Complex (Zhao and Cooper, 1992) and a S-type granite in the Lander Rock Beds, 
suggest the 1850-1880 Ma tectonic event has also affected the Arunta Inlier, but has been 
obscured by the more widespread 1750-1770 Ma deformational, magmatic and 
metamorphic event. 
4. The new zircon ages, combined with previously reported data, suggest the 
Division concept of Stewart et al. (1984) is an oversimplification and not 
chronostratigraphically meaningful. For instance, whilst the Division 2 intruded by the 
Atnarpa Igneous Complex is older than 1880 Ma, the "older" Division 1 in the Central 
Arunta Province is about -1760 Ma. 
5. This study suggests that only the supracrustal sequence of the Division 3 in the 
Southern Arunta Province, not the Southern Arunta Province itself as postulated by Black 
and Shaw (1992), is distinctive from, and significantly younger than the rest of the 
Arunta Inlier. It is argued that the Omiston Nappe Thrust Zone, and more easterly the 
Charles River Fault Zone may be tectonically more important than previously thought. 
6. A compilation of U-Pb zircon ages suggests the following episodes of 
magmatic and thermal activities occurred in the Arunta Inlier. They are: 1860-1880 Ma, 
intrusion of the Atnarpa Igneous Complex; 1820 Ma, intrusion of post-Dl, pre-D2 
granites in the Reynolds-Anmatjira Ranges area (Clarke et al., 1990); 1750-1770 Ma, 
intrusion of major syn-Strangways (Event) granite suites throughout the Arunta Inlier; 
1710-1730 Ma, intrusion of post-Strangways (Event) granite suites with high heat 
productivity; 1650-1660 Ma, intrusion of pre-Chewings (deposition) granites in the 
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Southern Arunta Province; 1600-1615 Ma, intrusion of syn-Chewings (deposition) 
granites in the Southern Arunta Province; 1137~i Ma, intrusion of the Redbank Hill 
pegmatite in response to the thermal Omiston Event; and 520j Ma, intrusion of the Harts 
Range pegmatite. 
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CHAPTER 5. GEOCHEMISTRY OF AMPHIBOLITES IN THE 
SOUTHERN ARUNTA INLIER 
A detailed geochemical and Sm-Nd isotopic study has been carried out on mafic 
amphibolites in the Alice Springs region of the southern Arunta Inlier. A research paper 
derived from this study has been accepted for publication in the Precambrian Research 
and a copy of the manuscript is given in Appendix 10. In order to avoid repetition, this 
Chapter will not go into the details of this study. Instead, only some of the main points 
are outlined below. 
The aim of this study is to use major, trace, rare earth element and Nd isotopic 
constraints to characterise the petrogenesis and tectonic affinities of the igneous 
precursors of the mafic amphibolites in the region. 
As a result, two groups of amphibolites, Groups 1 and 2, were identified using 
the above constraints. Group 1 is characterised by flat to LREE-depleted patterns and 
uniform and positive initial £Nd values ( +4.2 to +5.1), whilst Group 2 has LREE-
enriched patterns and negative initial £Nd values (-1.0 to -2.8). Both groups of rocks are 
depleted in high field strength (HFS) elements and selectively enriched in large ion 
lithophile (LIL) and show geochemical affinities to subduction-related island arc basalts 
on a number of discrimination diagrams. 
It is considered that the relatively low HFS elements in both groups of rocks are 
due to large degrees of partial melting during their petrogenesis. Flat to LREE-depleted 
patterns and positive ENd(T) values displayed by the Group 1 rocks indicate they were 
derived from a depleted mantle source. Selective enrichment in LIL elements is attributed 
to either fluid-rock interaction during amphibolite metamorphism or metasomatism of the 
mantle source by slab-derived LIL-rich fluid, or both. Enrichment in both LIL and 
LREE elements combined with low ENd(T) values shown by the Group 2 rocks is 
interpreted as due to metasomatism of the same mantle source by slab-derived melt 
enriched in both LIL and LREE elements. The features of the amphibolites suggest their 
precursors were formed in a subduction-related tectonic environment. The parental 
magmas are considered to have been produced in response to dehydration of a descending 
slab and consequent melting of the mantle wedge variably metasomatised by the LIL-
and/or LREE-enriched slab components. 
The implications of these amphibolites for Proterozoic tectonics and crustal 
evolution in central Australia will be further discussed in Chapter 7. 
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CHAPTER 6. GEOCHEMISTRY OF THE GRANITES IN THE 
ARUNTA INLIER 
6.1 INTRODUCTION 
This chapter describes a variety of granites occurring in the eastern part of the 
Arunta Inlier, with emphasis on the geochemistry and petrogenesis of the granites. 
Combining the geochemical data obtained in this study with those reported in Warren 
(1989), it will be shown that granites in the Arunta Inlier can be subdivided into a number 
of groups and subgroups based on their ages and geochemical signatures. 
The aim of the present work is: 
(1) To understand the geochemical and isotopic variation and evolution of granites 
in the Arunta Inlier, 
(2) To put constraints on the petrogenesis and magma sources of granites in the 
Arunta Inlier. 
6.2 PREVIOUS WORK AND GENERAL GEOLOGY 
General geological relationships in the Arunta Inlier have been described in 
Chapter 3. It has been shown that granitic plutons form a major component of the Arunta 
Inlier (Fig. 3.2). In general, they occur mainly in the Northern and Southern Provinces, 
where deformed pre- or syn-kinematic granites intrude metamorphosed supracrustal 
assemblages, which are in turn intruded by undeformed post-kinematic granites. The 
apparent rarity of granites in the Central Province is partly due to a higher metamorphic 
grade in the region and hence rocks of igneous parentage cannot be readily identified. 
Most of the plutons are felsic, dominantly tonalite, granodiorite and granite in 
composition, with intermediate component being extremely rare. Exceptions are the 
calcalkaline-trondhjemitic suites reported by Foden et al. (1988) and Zhao and Cooper 
(1992), which are intimately associated with intermediate to mafic components. 
Previous geochemical investigations are limited to those reported by Foden et al. 
(1988), Collins et al. (1989), Zhao and Cooper (1992), as well as the reconnaissance 
geochemical data reported in Warren (1989). Based on geochemical criteria, Foden et al. 
(1988) and Zhao and Cooper (1992) argued that some granitoids in the SE margin of the 
Arunta Inlier are analogous to Cordillera type batholiths forming in modern convergent 
continental margin. These rocks are distinctive from the 1850-1880 Ma Barramundi 
Association which occurs throughout central Australia (Wyborn, 1988) and the post-1820 
Ma granites of the Mount Isa Inlier (Wyborn et al., 1988). 
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6.3 CLASSIFICATION AND SUBDIVISIONS 
The classification described in this paper is based on ca. 300 XRF analyses 
compiled for granites in the Arunta Inlier, among which, 70 were analysed in this study, 
and the rest taken from Warren (1989), Foden et al. (1988) and Zhao and Cooper (1992). 
The terms suite and supersuite defined by White and Chappell (1983) and 
Chappell ( 1984) are used in this study for subdivision of the Arunta granites. According 
to White and Chappell (1983) and Chappell (1984), a granite suite is defined as one or 
more consanguineous granite plutons/units that exhibit similar geological, petrological, 
mineralogical, geochemical and isotopic features, reflecting a common source. The term 
supersuite applies to a group of suites which despite their differences, exhibit 
fundamental geological, mineralogical and geochemical similarities, indicative of 
comparable histories. In addition, the informal term group is also here used to describe a 
set of suites or supersuites which have some common geochemical signatures which may 
indicate derivation from similar source regions or the operation of similar petrogenetic 
processes. 
Following the above criteria, combined with new U-Pb zircon ages described in 
Chapter 4, the Arunta granites can be subdivided into three broad geochemical groups, 
each consisting of a number of suites or supersuites of different ages (Table 6.1 ). The 
three-fold geochemical subdivision into the CAT, Normal and HHP Groups is essentially 
similar to the scheme of Warren (1989), who classifies the granites into three broad 
"suites", a Sr-undepleted, Y-depleted suite, a normal suite and a K,U,Rb-enriched suite. 
XRF, REE and Sm-Nd isotopic data for the Arunta granites are listed in 
Appendices 2-4. Detailed information about major granite suites identified in the Arunta 
Inlier is presented in Appendix 6. Statistic data for different groupings of granites are 
given in Appendix 7. 
It is worthwhile to note that, since most granites in the Arunta Inlier have 
undergone various degrees of metamorphism and deformation, some of the mobile 
elements may therefore be susceptible to local remobilisation, or even large-scale 
migration, if the metamorphic grades are high enough to cause fluid expulsion or partial 
melting. However, most data compiled in this chapter were obtained from granitic rocks 
which were metamorphosed to only amphibolite or lower grades. Therefore, it is 
considered that only local remobilisation of the elements in these granites is predominant, 
although large-scale migration cannot be totally ruled out. Local remobilisation of some 
mobile elements may contribute to large scattering of these elements, but will not affect 
the general geochemical trends or fields of individual geochemical groupings, provided a 
large number of data have been collected. 
TABLE 6.1: Subdivisions of granites in the Arunta Inlier 
Groups Subgroups Supersuites/Suites** 
Calcalkaline- 1860-1880 Ma Atnarpa gabbro-diorite-tonalite-
trondhjemitic trondhjemite (GDTf) suite 
(CAT) Group Atnarpa low-Al tonalite-trondhjemite-
granodiorite (TTG) suite 
1750-1770 Ma Atnarpa high-Al tonalite-trondhjemite-
granodiorite suite 
Atnarpa younger tonalite 
Alice Springs granite 
Phlogopite Mine tonalite 
Entia gabbro-diorite-tonalite-
granodiorite suite 
Normal Group 1820 Ma Haverson suite 
1750-1780 Ma Marginal Supersuite 
Jervois suite 
Bruna suite 
Atneequa suite 
Jennings suite 
Jessie Gap suite 
Inland Supersuite 
Dneiper suite 
N apperby Normal suite 
Ali Curung suite 
1650 Ma Boggy Hole suite 
1600-1615 Ma Burt-Rungutjirba suite 
High-heat- 1710-1730 Ma Mount Swan suite 
production (?) Jinka suite 
(HHP) Group Barrow Creek suite 
N apperby HHP suite 
Wuluma suite 
Gumtree suite 
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Age (Ma) Ref.* 
1879 ±11 2 
1873 ±11 2 
1751 ±12 2 
1751 ±12 1,3 
1763 ±2 4 
1767 ±2 5,6 
1818 ±8 7,8 
1771 ±6 1,3 
1747 ±3 5,6 
1762 ±9 1,3 
1771 ±9 1,3 
1747 ±9 1,3 
1771 ±15 1,3,7 
1780 ±10 7,8 
7 
1648 ±7 1,3 
1603 ±17 1,3 
1615 ±11 
1713±7 1,3,7 
7 
7 
7,8 
1726 ±4 8,9 
7 
*Ref. - references, 1 - this study, 2 - Zhao and Cooper (1992), 3 - Table 4.2, 4 - Black and 
Shaw (1992), 5 - Cooper et al. (1988), 6 - Foden et al. (1988), 7 - Warren, 8 - Collins and 
Shaw (1993), and 9-Collins et al. (1989). 
** Suites correspond to granite plutons or units as follows: Entia suite (Huckitta tonalite 
gneiss, Huckitta granodiorite gneiss), Haverson suite (Haverson granite, Mount Airy granite 
and Yaningidjara orthogneiss), Jervois suite (Jervois granite), Bruna suite (Bruna gneiss), 
Atneequa suite (Atneequa granitic complex), Jennings suite (Jennings granitic gneiss, 
Georgina Gap granite, orthogneiss in the Randall Peak Metamorphics), Jessie Gap suite 
(Jessie Gap gneiss), Dneiper suite (Dneiper granite, Copia granite, Marshall granite, Pgg, Pgy 
and Pgc), Napperby Normal suite (coarse-grained Napperby orthogneiss, Boothby granite), 
Ali Curung suite (Ali Curung complex), Boggy Hole suite (Boggy Hole gneiss), Burt-
Rungutjirba suite (Burt Bluff gneiss, Rungutjirba gneiss), Mount Swan suite (Mount Swan 
granite, Mount Ida granite, Pgk), Jinka suite (Jinka granite) Barrow Creek suite (Barrow 
Creek granite), Napperby HHP suite (fine-grained or microgranite phase of the Napperby 
orthogneiss), Wuluma suite (Wuluma granitoid) and Gumtree suite (Gumtree granite). The 
1870-1880 Ma Atnarpa suites and the 1750 Ma Atnarpa younger tonalite are parts of the 
Atnarpa Igneous Complex. 
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6.4 GEOCHEMISTRY OF THE ARUNTA GRANITES 
6.4.1 the Calcalkaline-Trondhjemitic (CAT) Group 
As listed above, this group of granites consists of a number of suites intruding 
exclusively into the southeastern margin of the Arunta Inlier during two episodes, 1860-
1880 Ma and 17 50-1770 Ma. They occur in four locations, i.e. the Entia Dome of the 
eastern Harts Range area (Foden et al., 1988), the Atnarpa-Arltunga area, SE Arunta 
Inlier (Zhao and Cooper, 1992), the Alice Springs area, southern Arunta Inlier (this 
study) and the Phlogopite Mine area, central Arunta Inlier (Black and Shaw, 1992). All 
of them are spatially associated with arc-type meta-tholeiites. e.g. the Entia suite is 
associated with the Entia amphibolites which were interpreted as being arc-related (Sivell, 
1988). The Alice Springs granite coexists with the Group 1 amphibolites described in 
Chapter 5. The Phlogopite Mine tonalite is interfingered with the Johannsen metagabbro, 
which also shows arc-type signatures similar to those of the Group 1 rocks described in 
Chapter 5. 
Overall, suites of the CAT group are characterised by highest Na20, Na/K, Sr, 
K/Rb, Sr/Y and lowest K20, Rb, Rb/Sr, Th, U, REE, Nb, Y and HPU if compared with 
other groups (Fig. 6.1 ). On the primitive mantle normalized spiderdiagram, they are 
characterised by a negative slope with negative Nb, P and Ti anomalies (Fig. 6.2). The 
lack of additional depletion in Ba and Sr discriminates them readily from suites of the 
other groups. 
As listed above, the CAT group may be divided into two subgroups in terms of 
rock assemblages, i.e. a gabbro-diorite-tonalite-trondhjemite (or granodiorite) subgroup 
and a tonalite-trondhjemite-granodiorite subgroup. 
The former subgroup includes the 1880 Ma Atnarpa GDTT suite and the 1770 Ma 
Entia Suite. The Atnarpa GDTT suite was reported in Zhao and Cooper (1992). Rocks 
of the GDTT have a wide, continuous range of Si02 (46-78%) and are characterised by 
low Ti, Y, Nb, K, Rb and Rb/Sr (mostly <0.05). Ali03 is generally >15% and Sr> 400 
ppm at high Si02 levels. Their REE patterns show no Eu anomalies at the whole Si02 
range. On the AFM and Na-K-Ca ternary diagrams, they show both calcalkaline and 
trondhjemitic variation trends. These geochemical features are similar to calcalkaline 
intrusive complexes forming in modern continental margin or island-arc settings (e.g. 
Perfit et al., 1980; Whalen et al., 1985), although the trondhjemitic trend is distinctive. A 
typical Proterozoic analogue is the 1890 Ma old SW Finland suite reported by Arth et al. 
(1978). 
The 1770 Ma Entia suite has been discussed by Foden et al. (1988). It includes 
the Huckitta tonalite and granodiorite gneisses of Foden et al. (1988). According to 
Foden et al. (1988) and Cooper et al. (1988), parts of the orthogneiss component in the 
voluminous Entia Gneiss Complex may also belong to the more deformed variants of 
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Figure 6.1: Selected elemental variation diagrams showing geochemical comparisons among the 
three major groups of granites in the Arunta Inlier. Curves 1, 2 and 3 in A. outline fields of 
Peninsular Ranges Batholith, I-type granites in the Lachlan Foldbelt and "Newer Granites" in 
Scotland and Ireland (after Chappell and Stephens, 1988). Fields in D. after Whalen et al. (1987). 
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Figure 6.1: Continued. HPU - heat production units which are calculated using the following 
equation: HPU (µwm-3) = 0.4K(%) + 0.07Th(ppm) + 0.26U(ppm) after Wollenberg and Smith 
(1987). 
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Figure 6.2: Primordial mantle normalized spiderdiagrams for average values of granite 
suites or supersuites in the Arunta Inlier. CAT, calcalkaline-trondhjemitic; HHP, high-
heat-production; AYT- Atnarpa younger tonalite of the 1750 Ma high-Al TTG suite; AOT-
Atnarpa older tonalite of the 1873 Ma low-Al TTG suite; AOG - Atnarpa older trondhjemite 
and granodiorite (Si02 >70%) of the 1873 Ma low-Al TTG suite; ASG - Alice Springs 
Granite of the 1750 Ma high-Al TTG suite; ES - the 1767 Ma Entia suite; GDTT- the 1879 
Ma Atnarpa gabbro-diorite-tonalite-trondhjemite suite (including data with Si02 >58% 
only); Haverson - Haverson suite; Inland - Inland Supersuite; Marginal - Marginal 
Supersuite; Boggy - Boggy Hole suite; Burt - Burt-Rungutjirba suite; Mount Swan - Mount 
Swan suite; Jinka - Jinka suite; NSF - Napperby HHP suite; Barrow - Barrow Creek Suite. 
Numbers in paratheses refer to the number of analyses in the suites, respectively. Shaded 
field of Barramundi Igneous Association after Wybom et al. ( 1987). 
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this suite. In this case, the extent of this suite is yet unknown. The Entia suite is 
somewhat analogous to the Atnarpa GDTT in terms of rock assemblage and Si02 range 
(53-75%). Overall, rocks of the Entia suite is characterised by low Ti, Zr, Nb, Y, Rb 
and Rb/Sr. Similar to the Atnarpa GDTT, Sr and Al203 remain high at high Si02 levels, 
e.g. >500 ppm for Sr and >15% for Al203 at 70% Si02. However, unlike the Atnarpa 
GDTT, an increasing trend in K10 and Rb with increasing Si02 is observed in the Entia 
suite. Foden et al. (1988) employ dominant plagioclase fractionation to explain the 
geochemical variations. However, it is noted that the readily decreasing trend in Nb, Y 
and increasing trend in Sr/Y, Ce/Y with increasing Si02 (Fig. 6.3), combined with high 
Ali03 and lack of Sr depletion are more compatible with hornblende-controlled 
fractionation. 
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Figure 6.3: Sr/Y and Ce/Y vs. Si02 variation diagrams for the Entia 
Suite, eastern Arunta Inlier. Data after Foden et al. (1988). 
The more felsic tonalite-trondhjemite-granodior (TTG) subgroup consists of the 
1873 Ma Atnarpa low-Al TTG suite and the 1750-1770 Ma high-Al TTG suite. The low-
Al ITG suite was described by Zhao and Cooper (1992). It has a Si02 range from 62% 
to 77% and is comparatively lower in Sr ( <500 ppm) and Ali03 ( <15%) and higher in P, 
Ti, Y, Nb and Zr than the high-Al suite at the same Si02 level. Its REE patterns show a 
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Figure 6.4: Chondrite-normalized REE patterns for the 1750 Ma high-Al tonalite-
trondhjemite-granodiorite (TTG) suite in the southeastern Arunta Inlier. Note that all 
samples are characterised by high La/Yb ratios and no or positive Eu anomalies. 
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slight but consistent negative Eu anomaly. All these features are analogous to the 
Proterozoic Twilight gneiss of Colorado and the Rio Brazos trondhjemite of New Mexico 
described by Barker et al. (1976). 
The high-Al TTG suite includes the 1750 Ma Atnarpa younger tonalite (Zhao and 
Cooper, 1992), the Phlogopite Mine tonalite (Black and Shaw, 1992) and the Alice 
Springs Granite (this study). All the three plutons are characterised by high Sr (>500 
ppm), Ali03 (>15%), Sr/Y, Na/K (:2:2) and low Zr, Ti, Nb, Y, P and Rb. Rocks of this 
suite show strongly fractionated REE patterns with HREE depletion, some showing 
positive Eu anomalies (e.g. Fig. 6.4). These features are similar to those of the 
ubiquitous Archean TTG suites (Martin, 1987). The Proterozoic analogues include the 
tonalites in the Halls Creek Inlier (Ogasawara, 1988), the Forest Hole Supersuite of the 
Georgetown Inlier (Champion, 1991), the high-Al suites in the western United States 
(Barker et al., 1976) as well as some tonalite-trondhjemite suites in northern China (e.g. 
Gao et al., 1990; Sun et al., 1990). Modem analogues include those described by Defant 
et al. (1991) and Gromet and Silver (1987). 
6.4.2 The Normal Group 
Granite suites of the Normal Group occur throughout the Arunta Inlier, and fall 
into four age subgroups, 1820 Ma, 1750-1780 Ma, 1650 Ma and 1600-1615 Ma, with 
the 1750-1780 Ma subgroup being predominant. Overall, the Normal Group is 
intermediate between the CAT and HHP Group in terms of geochemical signatures, e.g. 
Na20, K20, Na/K, Rb, Sr, Rb/Sr, Th, U, HPU, K/Rb and Sr/Y (Fig. 6.1). It has a 
similar spiderdiagram pattern to the Barramundi Igneous Association of Wyborn (1988), 
characterised by a negative slope with Ba, Sr, Nb, Ti and P negative anomalies (Fig. 
6.2). Its A/CNK ratios overlap those of the CAT and HHP, which increase with 
increasing Si02. Most of them are < 1.1, suggesting suites of this group are dominantly 
I-type granites. Rocks with A/CNK > 1.1 generally have Si02 > 70% and cannot be 
confidently considered as S-type granites. In particular, many suites have A/CNK ratios 
straddling 1.1, suggesting that other petrogenetic (e.g. fractionation) or secondary (e.g. 
alteration or fluid interaction) processes rather than derivation from pelitic sources may be 
responsible for the peraluminity. Typical samples of the Normal Group have REE 
patterns characterised by 100-200X chondritic values for La, 10-20X for Yb, and 
variable but generally negative Eu anomalies (Figs. 6.6, 6.9). 
The 1820 Ma subgroup 
It comprises the Haverson Suite covering 645 km2, which includes three major 
plutons, the Haverson Granite, the Mount Airy Granite and the Yaningidjara Orthogneiss, 
which all occur in the Reynolds-Anmatjira Ranges area in central Northern Arunta 
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Province (Warren, 1989; Appendix 6). The Haverson Granite yields a U-Pb zircon age of 
1818±8 Ma, which is considered by Collins (1992) as constrain the first tectonic cycle, 
the Mount Stafford event in the region. 
The Haverson Suite is highly siliceous (Si02 = 72.54-77 .85%) and peraluminous 
(NCNK = 1.12-1.18) and are characterised by high K/Na and Rb/Sr (Appendix 7). In 
this aspect, it is analogous to S-type granites of White and Chappell (1983). However, 
since the origin of peraluminity is diverse in granite system (e.g. Clarke, 1981; Halliday 
et al., 1981), derivation from pelitic sediments may not be the only explanation for the 
highly siliceous, peraluminous suite. 
The 1750-1780 Ma subgroup 
There are a great variety of granite suites which fall into this subgroup. They are 
dominantly syn-tectonic plutons generally intruding the Division 2 supracrustal 
sequences. The 1750-1780 Ma records a dominant tectonic event throughout the Arunta 
Inlier, referred to as the Strangways Event by Shaw et al. (1984) and Black & Shaw 
(1992) and as the Strangways Orogeny by James and Ding (1988) and Collins (1992). 
The 1750-1780 Ma suites can be subdivided into two broad supersuites, here 
termed as the Inland Supersuite which occurs in the Inland area and covers an area of 
more than 700 km2, and the Marginal Supersuite which occurs in the S, SE and E 
margin of the Arunta Inlier and covers an area of more than 1100 km2. In addition, two 
voluminous plutons, the Woodgreen Granite (165 Km2) and the Anmatjira Orthogneiss 
(270 km2) in the inland area remain to be assigned due to limited data. The Anmatjira 
Orthogneiss appears to be transitional between the Normal and the HHP Groups in terms 
of diagnostic geochemical features (Warren, 1989). 
Both the Inland and Marginal Supersuites have a similar range of Si02 contents 
with the Inland Supersuite having slightly higher Si02 contents (Fig. 6.5). They are 
distinctive from each other in tenns of major geochemical features. By comparison, the 
Marginal Supersuite is obviously higher in Ali03, Sr, Ba, K/Rb and lower in FeO*, 
Ti02, MgO, Rb, and Rb/Sr, although they both have similar HPU (heat production unit). 
These geochemical features suggest that the two supersuites were derived from different 
types of sources, with the one for the Marginal Supersuite more feldspathic than that of 
the Inland Supersuite. In addition, some high-Si02 rocks of the Inland Supersuite show 
pronounced enrichment in Rb and depletion in Sr, Ba and are characterised by high Rb/Sr 
and low K/Rb (<100) ratios. They may have been strongly fractionated. 
Both supersuites show LREE-enriched patterns with dominantly negative Eu 
anomalies, which are distinctive from those of the high-Al TTG Suite of similar ages 
(Fig. 6.6). Variations in the slopes and degrees of Eu anomalies within or among 
individual suites probably reflect either slight difference in the source signatures, or 
different modes and degrees of crystal fractionation, or a combination. e.g. such 
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Figure 6.5: Harker diagrams showing geochemical comparision between the 1750-
1770 Ma Marginal and Inland supersuites of the Normal Group granites in the Arunta 
Inlier. HPU - heat production unit. 
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Figure 6.6: Chondrite-normalized REE patterns for the 1750-1770 Ma Marginal and Inland (Dneiper Granite) supersuites of the Normal 
Group granites in the Arunta Inlier. 
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variations between sample pairs of the Atneequa Granitic Complex, the Jessie Gap 
Gneiss and the Jennings Granitic Gneiss are probably related to crystal fractionation, 
whilst the variation between the Dneiper Granite (Inland Supersuite) and the Jervois 
Granite (Marginal Supersuite) is probably reflecting difference in the sources. 
The 1650 and 1600-1615 Ma Subgroups 
These two subgroups are restricted to the "Division 3 area" of the Southern 
Arunta Province, i.e. the MacDonnell Range area (Fig. 3.2). They are represented by the 
1650 Ma Boggy Hole Suite (460 km2) and the 1600-1615 Ma Burt-Rungutjirba Suite 
(340 km2, including the Burt Bluff and Rungutjirba Gneisses). Similar rocks of both 
ages are found in the Omiston Gorge area, but no XRF data are available. Based on the 
field relationships, the Boggy Hole Suite is considered as being pre-Chewings 
deformation whilst the Burt-Rungutjirba Suite as being syn-Chewings deformation. The 
Boggy Hole Suite is basement to the Simpsons Metasediment (Teyssier et al., 1988), 
whilst the Burt-Rungutjirba Suite, intruding and interlayered with the Simpsons 
Metasediment (R.D. Shaw, pers. comm.). Both U-Pb ages of the granites and the 
lithology of the supracrustal sequences in this area are distinctive from the rest of the 
Arunta Inlier. In this case, this part of the Southern Arunta Province is a separate terrain 
(Shaw and Black, 1991). 
The Boggy Hole Suite consist~ of a number of rock types ranging from biotite 
granitic gneiss, quartzofeldspathic augen gneiss, leucocratic granitic gneiss to laminated 
granitic gneiss, all garnet-bearing. However, garnet could be of metamorphic origin. 
Geochemically, it is a highly siliceous (Si02 = 70.3 to 77.7%, mean 73.3%), 
metaluminous to peraluminous (A/CNK = 0.99 to 1.20, mean 1.06) suite (Appendix 7). 
The one sample (89-516) with the highest A/CNK ( 1.2) could be a muscovite-rich 
mobilite (Appendix 2). The rest of the samples have NCNK ranging from 0.99 to 1.11 
with a mean of 1.04, suggesting an essentially I-type signature. Compared with the 
1750-1770 Ma old Marginal Supersuite (Fig. 6.7), the Boggy Hole Suite is characterised 
by high MgO, FeO*, Ti02, MnO, Cr,Ni and Y, relatively high Na/Kand low K20 at the 
same Si02 level, implying the Boggy Hole Suite was derived from a relatively more 
mafic source. 
Unlike the Boggy Hole Suite, the Burt-Rungutjirba Suite contains no garnet. As 
described in Appendix 9, the two units, the Burt Bluff Gneiss and the Rungutjirba 
Gneiss, of the suite are comagmatic, with the Rungutjirba Gneiss being probably a 
volcanic equivalent. Figs. 8 and 9 show geochemical comparison between the Boggy 
Hole and the Burt-Rungutjirba suites. It can be seen from Fig. 6.9 that both Boggy Hole 
and Burt-Rungutjirba Suites show similar REE patterns which are parallel to each other. 
However, the two suites are slightly different from each other in other aspects: 
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Figure 6.9: Chondrite-normalised REE patterns for the 1650-1600 Ma subgroups of 
the Normal Group granites in the southern Arunta Inlier. 
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(1) The Burt-Rungutjirba Suite has lower Si02 (67.8-74.7%, mean 71.1 %) than 
the Boggy Hole Suite; 
(2) At the same Si Qi level, the Burt-Rungutjirba Suite is comparatively lower in 
MgO, Ni, Cr, MnO and higher in K10 than the Boggy Hole Suite; 
(3) At the same MgO level, the Burt-Rungutjirba Suite is comparatively higher in 
Zr, Ti(h, and FeO* than the Boggy Hole Suite; 
(4) Data of the Boggy Hole Suite show curved variations in Si Qi-Ni and MgO-Cr 
plots; suggesting crystal fractionation of ferromagnesium minerals in the suite; 
(5) With increasing Si02, K10 shows an increasing trend for the Burt-
Rungutjirba Suite, but remains constant at 4.4±0.2% for the Boggy Hole Suite; 
(6) The most striking difference between the two suites is the Nd isotopic 
compositions. The Burt-Rungutjirba Suite has~~ ages of 1.72 to 1.83 Ga and ENct(l.6 
Ga) of +0.9 to +2.5, whilst the Boggy Hole Suite has~~ ages of 2.04 to 2.07 Ga and 
ENct(l.65 Ga) of -2.0 to -3.2 (see Appendix 4). 
The above differences suggest that both suites were derived from distinctive 
sources. 
6.4.3 The High-heat-production (HHP) Group 
Granite suites assigned to this group consist of elevated heat producing elements 
(Th, U, K) and therefore have high heat producing capacity. In general, the majority of 
the Arunta granites (excluding the Na-rich CAT group) as well as those in other 
Proterozoic terrains in central Australia are significantly enriched in heat producing 
elements. The unweighted mean of heat producing capacity for the K-rich Arunta granites 
is about 6.5 µwm-3 (heat production unit, shorted as HPU; see Fig. 6.1 for definition), 
which is more than twice higher than the unweighted mean of all the granites in the 
Palaeozoic Lachlan Foldbelt (3.1 µwm-3) (White and Chappell, 1983). Since there is no 
specific boundary being set for defining the HHP-type granites, the term HHP used here 
only has comparative meaning. For the purpose of statistics, here for the Arunta granites, 
the average value 6.5 µwm-3 is arbitrarily set as the boundary for discrimination between 
the Normal and HHP Groups. This value corresponds to a granite containing 5% K10, 8 
ppm U and 40 ppm Th. Following this criterion, the granites falling into the HHP Group 
are mostly the late- or post-tectonic undeformed types. 
The HHP Group defined in this way includes two main subgroups. One (termed 
pluton-type) occurs as voluminous plutons intimately associated with and intruding older, 
deformed Normal-Group plutons. The other subgroup (termed dyke-type) forms 
undeformed dykes intruding coexisting major, deformed, Normal-Group plutons. The 
pluton-type suites occur exclusively in the inland area of the Arunta Inlier. Examples are 
the Mount Swan Suite (including Mount Swan and Mount Ida Granites and unnamed unit 
pgk), the Jinka Suite (including the Jinka Granite), the Barrow Creek Suite (including the 
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Barrow Creek Granite), the Wuluma Suite (including the Wuluma Granitoid) and the 
Gum Tree Suite (including the Gum Tree Granite), which together cover an area of -1000 
Ian2 (Appendix 7). The dyke-type suites occur throughout the Arunta Inlier, but are more 
widespread in the inland area. The most significant one is the microgranite phase 
intruding the Napperby Orthogneiss. 
Compared with other groups, the HHP Group shows the following characteristics 
(Fig. 6.1): 
(1) Less deformed than the Normal Group; 
(2) Si02 in the range 67 .3 - 80.0% with a mean of 72.1 %, which is higher than 
that of the Normal Group; 
(3) Highest K, Rb, Th, U, Rb/Sr, HPU, La/Nb, Th/Nb, Ce/Y and Rb/Zr and 
lowest Sr, Ba, Na/K, K/Rb, Ba/Rb, MgO, Cr and Ni despite overlapping with the 
Normal Group for some elements; 
(4) Slightly to strongly enriched in REE, Zr, Nb and Y if compared with the 
Normal Group (Figs. 6.1, 6.2), typical samples having REE patterns characterised by 
lOOOX chondritic values for La, large La/Yb ratios and deep Eu anomalies (Fig. 6.10). 
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Figure 6.10: Chondrite-normalized REE patterns for the Gumtree (89-
477) and Mount Swan (89-553) Granites of the HHP Group. dupl -
duplicate. 
(5) Similar spiderdiagram patterns to those of the Normal Group, but more 
enriched in Th, U, and Rb, and depleted in Ba, Sr, P and Ti; 
(6) Completely overlapping with the Normal Group on Ga/Al vs. FeO*/MgO plot 
with most data falling into the fields of I- type granites rather than A-type granites of 
Whalen et al. (1987); 
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(7) Overlapping with the Normal Group on NCNK vs. Si02 diagram, with most 
data having A/CNK < 1.1, consistent with I-type granites of Chappell and White (1974). 
Here the Mount Swan Granite, the Jinka Granite, the Mount Ida Granite, the 
Barrow Creek Granite, as well as the Napperby microgranite are grouped into a 
supersuite, termed the Inland HHP Supersuite. This supersuite comprises the bulk of the 
HHP granites in the Arunta Inlier and will be discussed in detail below. Among them, 
the Mount Swan Granite yields a U-Pb zircon age of 1713 ± 7 Ma, which is significantly 
younger than the age of the coexisting Dneiper Granite of the Normal Group. The 
pluton-type Gumtree Granite and Wuluma Granitoid show somewhat unusual chemistry 
in having high Ba and Th/U, if compared with other HHP granites and are therefore not 
assigned to the above supergroup, although the Wuluma Granitoid yields a U-Pb age of 
1726 ± 4 Ma (Collins, 1992), similar to that of the Mount Swan Granite. Collins et al. 
(1987) employed in-situ crustal anatexis of country rocks under granulitic conditions for 
the origin of the Wuluma Granitoid. In addition, the difference between the Gumtree 
Granite and other types of HHP granites (e.g. the Mount Swan Granite) is also displayed 
by the REE patterns (Fig. 6.10). The Mount Swan Granite shows a large Eu anomaly, 
suggesting pronounced feldspar fractionation, or a feldspathic source or both. In 
contrast, the Gumtree Granite has a more fractionated REE pattern (larger La/Yb ratio) 
with a smaller Eu anomaly. All these differences reflect obviously different source 
signatures for the Gumtree (and Wuluma) Granites. 
Fig. 6.11 shows a geochemical comparison between the Inland HHP Supergroup 
and the coexisting, but older Inland Normal Supersuite. At comparative Si02 levels, the 
HHP Supersuite is significantly higher in K10, A}i03, Th, U, Pb, Rb, Ce, Rb/Sr and 
Rb/Zr, and lower in Ti02, FeO*, MgO, CaO, V, K/Rb and Ba/Rb, suggesting that the 
HHP Supersuite was derived from significantly more quartzofeldspathic, siderophile 
element-depleted sources. The sharp decrease in Ba, Ce and Zx with increasing Si{)i 
displayed by the HHP supersuite implies K-feldspar, monazite (or allanite) and zircon 
fractionation, whilst the lack of Rb depletion with increasing Si02 precludes biotite from 
playing a significant role in the fractionation. The dominant K-feldspar fractionation in 
the generation of the HHP supersuite is also reflected by the nearly constant or slightly 
increasing Sr/Ba ratios (Fig. 6.11 ). On the other hand, the readily decreasing Sr/Ba 
ratios with increasing Si02 combined with the lack of Ba depletion as displayed by the 
Inland normal supersuite implies dominant plagioclase fractionation. 
82 
1.2 ~--------------
,-.. 
1.0 ... ~ 
i 
0.8 - ";.'. 
0 
0.6 - E= 
0.4 t-
0.2 t-
• 
• 
• 
• , 
• ••• ~~~ ~~ .. ~~-. 0%' ~ 
16 1---..___.____. _ __,_, _ _._ __ L_,_.____. 
13 -
12 ... 
4 -
3 -
• 
• 
0 
• 
0 
• ~~ o~~(O) 
• e -~16: 
•' -~:. •'•O~ 
• • 
' 
0 
• , 
• 
• 
• 
0 
... 
300 t----'----''---'---'-'--'---''----'--1 
0 
s 
c. 
200 ,_ ~ 
.:: 
Emo 
100 ... 
oo 
0 0 
fO) 0 
~ c9 9:;~~00 0 
0 • 0 
~ .. :•,..•""1fftf ... 
• I I A I o~-~-.____. _ __._ _ _._ ____ _..__-1-~ 
60 65 70 75 80 
Si02 (wt%) 
3 
,-.._ 
~ 
...... 
... ~ 
'-' 2 
0 
OD 
::; 
1 L.. 
4 
,-.._ 
E 
c. 
c. 3 
'-' 
0 
i:'l:I 
2 ~ u 
1 L.. 
300 
.t:J 
~ 
200 ~ 
100 ~ 
-
,-.._ 
E 
c. 
60 
50 
40 
30 
20 
10 
~ c. 
~ 
~ 
0 
60 
'-' 
;:J 
. 
• 
• 
• 
•• 0 ~I'• ~.. o~._~  .,
0 • 
' ' I.., 
• 
~. 
• 
• • I !!>• ,. • 
.o ~.c 8'0~~ 
• 
0 § ~ 
O@ .,P• 
• 
' ' 
I 
• • 
•• • ..•. t 
~ . ... ~ . c;·o~ • •• ~ §.g~ 0• 
0 
0 
0 
~ 
0 
0 0 § 0 
0 0 0 ocfP~~· • 0• 
• • Jj ,f;,r.a,·.. . r.~ 
' I • 
65 70 75 
Si02 (wt%) 
Figure 6.11: Harker diagrams showing geochemical comparision between the high-
heat-production (HHP) suites (including Mounta Swan, Jinka, Barrow and Napperby) 
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Figure 6.11: Continued. Dashed line with arrow defines the trend for HHP granites, 
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6.5 Sm-Nd ISOTOPES OF THE ARUNTA GRANITES 
Overall, 43 Sm-Nd isotopic analyses have been obtained for the Arunta granites, 
among which, 8 are from the CAT Group, 7 from the HHP Group and the rest from the 
Normal Group. The analytical procedures are shown in Appendix 5. The results are 
listed in Appendix 4 and the Tri~ ages and 147SrnJ144Nd ratios are illustrated on the 
histogram of Fig. 6.12. The results are also plotted in the ENd(T) vs. age diagram (Fig. 
6.13 ), with data for the three groups specified in different symbols. Also shown in the 
diagram are the Depleted Mantle and Archean Crust trajectories and the fields of 
Proterozoic granites in the Northern Hemisphere reported in a number of publications. 
From Appendix 4 and Figs. 6.12 and 6.13, the following features can be observed: 
(1) There are two groups of~~ ages, with a dominant group ranging from 1.96 
to 2.33 Ga, and a minor group ranging from 1.72 to 1.83 Ga which is defined by the 
Burt-Rungutjirba Suite and the Gumtree Granite. 
(2) The ranges of'f16~ ages for the CAT, Normal and HHP Groups generally 
overlap with each other. In addition, no systematic variations in terms of~~ ages were 
observed among the three tectonic provinces of the Arunta Inlier. 
(3) Most of the data have 147SrnJ144Nd ratios ranging from 0.125 to 0.085, with 
a small number of data having 147Sm/144Nd ratios either <0.08 or> 0.125. The CAT 
and HHP Groups have in general lower 147SmJ144Nd ratios than the Normal Group. 
(4) In Fig. 6.13, the field defined by the Arunta granites is generally lower than 
those of the Proterozoic granites from the Northern Hemisphere. 
(5) There is in general an increasing trend in ENd(T) values with decreasing 
crystallization ages. 
(6) At given crystallization ages, e.g. 1750-1770 Ma, ENd(T) values vary 
considerably, by up to 6 unit, which is about one third of the range between the depleted 
mantle (ENd - +4) and Archean crust (ENd - -12). 
(7) The ENd(T) values for the granites are essentially within the same range as for 
the LREE-enriched coexisting mafic rocks (e.g. Fig. 6.13 c.f. Fig. 5.8). 
These features have significant implications for the granite petrogenesis and 
crustal evolution which will be discussed in the next section. 
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Figure 6.13: £Nd vs. Age diagram illustrating Nd isotopic data for the granites of the 
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(1987). Depleted mantle and Archaean crust evolutionary trajectories after Patchett and 
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used as a model for late Archean materials (after Patchett and Arndt, 1986). Percentage 
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6.6 PETROGENESIS OF THE ARUNTA GRANITES 
6.6.1 Previous studies of Proterozoic granites in central Australia 
A number of specific or generalised geochemical studies have been undertaken on 
Proterozoic granites in central Australia (e.g. Wyborn and page, 1983; Wyborn, 1988; 
Wyborn et al., 1987,1988,1992; Foden et al., 1988; Ogasawara, 1988; Zhao and 
Cooper, 1992). These studies suggest that the K-rich, Sr-depleted and Y-undepleted 
types are predominant, although the Na-rich, Sr-undepleted and Y-depleted type has been 
described. Initially, Wyborn grouped the Proterozoic granites of central Australia into 
two broad categories, an "orogenic" type termed as the Barramundi Igneous Association 
(1850-1880 Ma) (Wyborn, 1988), and an "anorogenic" type including the post-1820 Ma 
granites in the Mount Isa inlier (Wyborn et al., 1988). More recently, recognising that 
there may be a great variety of granite types in central Australia, Wyborn et al. (1992) 
have grouped the Proterozoic granites into five categories, including three Sr-depleted, Y-
undepleted types, one Sr-undepleted, Y-depleted type and one S-type. The earlier 1850-
1880 Ma orogenic and post-1820 Ma anorogenic types are mainly Sr-depleted and Y-
undepleted. 
Wyborn (1988) and Wyborn et al. (1992) have proposed that the 1850-1880 Ma 
Barramundi Association forms the bulk of the Y-undepleted types in central Australia. 
This group of essentially I-type granitoids occurs throughout Proterozoic terrains in the 
northern Australia, and shows distinctive and uniform geochemical signatures such as 
enrichment in K, Rb, Th, U, light REE, Zr and Y and depletion in Mg Ca, Sr, Ba, Cr 
and Ni relative to Palaeozoic analogues, as well as low inferred initial 87SrJ86Sr ratios and 
a limited range of~~ ages of 2.1-2.3 Ga. For these reasons, Wybom (1988) suggested 
that the Barramundi Association was derived from a large, chemically and isotopically 
uniform, but chemically fractionated, mafic underplate. This underplate may correspond 
to the thick (-15 km), high seismic velocity layer detected beneath Proterozoic terrains in 
central Australia. Based on T6~ ages of the granites, it was argued that the underplate 
was formed during the ensialic rifting episodes at 2.1-2.3 Ga. Involvement of significant 
proportions of older crustal material in the petrogenesis of the Barramundi Association 
was rejected on the grounds that it has (1) a narrow range of T6~ ages (2.1-2.3 Ga), and 
(2) extremely uniform geochemistry, over a very large scale. It was argued that such 
uniform geochemical and isotopic features would not be expected if the granite 
petrogenesis has involved mixing of heterogeneous old crustal components. 
Similarly, Wyborn et al. (1988) proposed that the post-1820 Ma "anorogenic" 
granites were derived by smaller degrees (relative to the Barramundi Association) partial 
melting of underplates forming during discrete rifting events. For the bulk of the granites 
which give 2.1-2.3 Ga T6~ ages, they considered the granites were derived from a mafic 
underplate of the similar age. 
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6.6.2 Petrogenesis of the Arunta granites 
The present study has shown that granites in the Arunta Inlier can be divided into 
three geochemical categories, with the CAT Group corresponding to the Y-depleted type, 
whilst the other two (the Normal and HHP Groups), to the Y-undepleted types of 
Wyborn et al. (1992). However, the Normal and HHP Groups are significantly younger 
than the 1850-1880 Ma Barramundi Association, which forms the bulk of the Y-
undepleted types according to Wyborn et al. (1992). The petrogenesis of the Arunta 
granites will be discussed below. 
The CAT Group 
The origin of granite suites of the CAT Group has been discussed in detailed by 
Zhao and Cooper (1992) and Foden et al. (1988). Only the main points are reviewed 
here. 
Foden et al. (1988) drew attention to the petrological and geochemical similarity 
of the Entia suite to Cordilleran-type batholiths as well as calcalkaline intrusives in the 
modern continental margin settings. They argued the source of the Entia suite is either 
mafic or ultramafic and therefore unlikely to be evolved Proterozoic continental crust. 
Zhao and Cooper ( 1992) have discussed the petrogenesis of the 1879 Ma GDTT, 
1873 Ma low-Al TTG and 1750 Ma high-Al TTG suites in the Atnarpa area, respectively. 
They considered that the 1879 Ma calcalkaline-trondhjemitic GDTT suite was generated 
by crystal fractionation of a basaltic or basaltic-andesitic parental magma, which was 
derived by partial melting of a mantle wedge metasomatised by slab-derived components. 
The 1873 Ma low-Al TTG suite was probably formed by partial melting of an island-arc-
type mafic source with some plagioclase being retained in the residue. The presence of 
plagioclase in the residue accounts for the moderate negative Eu anomaly and relatively 
lower Sr contents if compared with the high-Al TTG suite. The 1750 Ma high-Al TTG 
suite was derived by plagioclase-absent partial melting of a mafic source with hornblende 
and/or garnet being residual phases. The presence of hornblende and/or garnet in the 
residue may explain the high A!i03, Sr, strongly fractionated LREE patterns, and the lack 
of negative Eu anomalies. 
However, unlike calcalkaline-trondhjemitic rocks in the Northern Hemisphere 
(e.g. Patchett and Kouvo, 1986; Chauvel et al., 1987), the CAT Group of the Arunta 
Inlier has significantly lower initial EN ct values, suggesting a great deal of crustal 
recycling, probably in the form of sediment subduction. If model calculation of Patchett 
and Arndt (1986) is adopted, mixing of up to 30% Archean crustal component is required 
to generate the CAT Group (Fig. 6.13). In addition, the 1750 Ma high-Al TTG suite of 
the CAT Group displays an exceptionally large variation in initial EN ct values (-0.5 to -
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4.9), consistent with variable amounts of old crustal components being incorporated in 
the source. The presence of a limited number of Archean-aged inherited zircons in the 
Alice Springs granite (Zhao and Bennett, this volume) requires the involvement of 
Archean crust or sediments from Archean crust during magma generation. The proportion 
of Archean crust is however difficult to estimate from the limited abundance of inherited 
zircons due to uncertainties in their initial abundance of subsequent preservation. 
The Normal Group 
As described previously, the Normal Group is geochemically analogous to the 
1850-1880 Ma old Barramundi Igneous Association (BIA) of Wybom (1988) (e.g. Fig. 
6.2; Table 6.2), but is significantly younger, consisting of a number of subgroups of 
different ages from 1820 Ma to 1600 Ma. Similar to the BIA, most of the Normal Group 
granites have NCNK ratios generally lower than 1.1, especially for those with Si02 
<72 %, suggesting that the Normal Group is mostly infracrustal in origin, i.e. I-type 
(Zen, 1986; Chappell and White, 1992). However, the Normal Group granites shown 
geochemical variations both among different age subgroups, and within a specific age 
subgroup (e.g. Figs. 6.5 to 6.9). These variations suggest relatively heterogeneous 
sources, in contrast with the uniform nature of the proposed underplated source for the 
BIA. 
Like the BIA, the Normal Group is also generally enriched in K10, Rb, Th, U, 
LREE, Zr and Y and depleted in MgO, CaO, Sr, Ni and Cr if compared with the 
Phanerozoic I-type granites (Table 6.2). Such a feature also requires the sources of the 
Normal Group to have been enriched. For example, the average K10 and Rb contents of 
the Normal Group are 4.5% and 230 ppm, respectively, and assuming the granites were 
derived by 30% partial melting, then the average source must have minimum of 1.35% 
K10 and 70 ppm Rb. 
Again like the BIA, the Normal Group shows large negative Nb anomalies 
relative to the LREE's (Fig. 6.2). Such anomalies cannot be attributed to either partial 
melting or crystal fractionation processes due to the lack of suitable phases to retain Nb 
during granite generation. In fact, Nb depletion is a common signature in upper crustal 
materials and unlike Eu anomaly, it cannot be explained in terms of lower-to-upper crust 
differentiation. The occurrence of positive Eu anomalies in some lower crustal materials 
provides some support to the suggestion that the lower crust may contain a Eu budget 
complementary to the upper crust (McLennan and Taylor, 1982). However, there is no 
evidence for the lower crust having a positive Nb anomaly (e.g. Ellis, 1992). This 
observation implies that the granites must be derived from sources with inherent depletion 
in Nb. Such anomalies can only be achieved ultimately by derivation of the crustal 
sources from subduction-related environments. 
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TABLE 6.2: Major and trace element data for three groups of granites in the Arunta 
Inlier. Data for granite types from the Lachlan Fold Belt (White and Chappell, 1983) are 
listed for comparison. Also listed for comparison are average data for the Kalkadoon and 
Even Batholiths from the Mount Isa Inlier (Wybom and Page, 1983), representative suites 
of the Barramundi Igneous Association. Refer to Table 6.1 for group names. 
CAT Normal HHP I-type S-type A-type Mount Isa 
Number of data 78 162 64 532 316 31 68 
Major elements (wt%) 
Si02 70.11 70.04 72.09 67.98 69.08 73.60 69.32 
Ti02 0.28 0.52 0.34 0.45 0.55 0.33 0.43 
Al203 14.76 13.74 13.52 14.49 14.30 12.69 15.03 
Fe203 1.73 1.14 1.27 0.73 0.99 0.71 
FeO 2.43 2.16 1.44 1.27 3.23 1.72 2.71 
MnO 0.05 0.06 0.03 0.08 0.06 0.06 0.05 
MgO 1.34 0.96 0.54 1.75 1.82 0.33 0.93 
Cao 2.71 2.22 1.38 3.78 2.49 1.09 2.91 
Na20 3.99 2.61 2.32 2.95 2.20 3.34 2.82 
K10 2.72 4.46 5.78 3.05 3.63 4.51 4.27 
P205 0.08 0.14 0.11 0.11 0.13 0.09 0.11 
Trace elements (ppm) 
Ba 1000 725 565 520 480 605 817 
Ce 59 99 176 63 69 134 110 
Cr 18 16 4 27 46 3 16 
Cu 10 11 7 11 12 6 11 
Ga 16 17 17 16 17 21 17 
La 30 53 96 29 31 55 61 
Li 28 29 31 12 
Nb 6 13 17 9 11 22 11 
NI 20 39 62 23 25 56 48 
Ni 10 8 4 9 17 2 5 
Pb 12 26 43 16 27 29 27 
Rb 66 230 377 132 180 199 180 
Sc 8 10 6 15 14 14 6 
Sr 351 140 94 253 139 105 241 
Th 14 25 84 16 19 23 23 
u 4 4 15 3 3 5 3 
v 36 39 18 74 72 10 33 
y 14 41 50 27 32 76 25 
Zn 23 55 36 52 64 102 43 
'Z1: 131 229 241 143 170 342 204 
Rb/Sr 0.23 3.04 6.25 0.52 1.29 1.90 0.75 
NCNK 1.04 1.05 1.08 0.96 1.18 1.03 1.03 
K/Rb 372 172 137 192 167 188 197 
HPU 2.82 4.30 11.76 2.91 3.32 4.41 3.81 
FeO in CAT Group refers to total Fe. 
A/CNK =molar Al203/(CaO+Na20+K20) 
HPU = 0.26U (ppm)+ 0.07Th (ppm)+ 0.4K(wt%) (µWm-3) refers to heat production units (after 
Wollenberg and Smith, 1987). 
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Based on the geochemical signatures of the Normal Group as well as the BIA, 
there is no evidence to support that the sources of the granites were formed in an ensialic 
rifting environment. In fact, the ubiquitous occurrence of negative Nb anomalies in the 
granites tends to preclude the ensialic rifting environment from being an alternative 
because mafic rocks occurring in modern ensialic rift zones generally show no Nb 
depletion. Combining the geochemical signatures with the Nd isotopic character of the 
granites which will be discussed later, it is proposed that the K-rich Normal Group is 
consistent with derivation by partial melting of earlier-formed, fractionated and/or 
modified (via crustal recycling or contamination) island-arc-type intrusions and/or 
underplates. 
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Figure 6.14: Chondrite-normalized REE diagram showing model REE abundances 
calculated for the source of the Normal Group granites (the shaded field). Also illustrated 
for comparison are the REE patterns of the Group 2 amphibolites in the southern Arunta 
Inlier as described in Appendix 10. In the inversion model, the REE abundances for the 
Normal Group as illustrated in Figs. 6.6 and 6.9 are used as the starting composition and 
simple batch melting of 30% with 50% clinopyroxene (cpx) and 50% plagioclase (plag) 
being residual is assumed. It can be seen that the calculated source has REE patterns 
parallel to those of the Group 2 amphibolites but the range of its REE abundances is twice 
that of the amphibolites. Such a source composition can be produced by -65% crystal 
fractionation (50% cpx + 50% plag) of the Group 2 amphibolites. The modelling 
suggests that the Normal Group granites can be generated by 30% partial melting of a 
fractionated mafic underplate. The underplate may be represented by the Group 2 
amphibolites as described in Appendix 10. Partition coefficients used in the modelling 
are from Arth (1976). 
More specifically, it is proposed that fractionated parts of the LREE-enriched 
island-arc-type Group 2 amphibolites (Appendix 10) would be one of the best candidates 
as sources of the Normal Group granites. The Group 2 amphibolites yield a similar range 
of initial ENct values (-1.0 to -2.8) to that of the Normal Group granites (see Appendix 
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10). They also show the characteristic Nb depletion and LREE-enriched patterns as 
required for the granite source. Inversion modelling indicates that, if the Normal Group 
granites were generated by 30% partial melting of a source with equal amounts of residual 
plagioclase (plag) and clinopyroxene (cpx), then the calculated source will have a REE 
pattern parallel to that of the Group 2 amphibolites (Fig. 6.14). The source with such a 
REE pattern can be produced by about 65% crystal fractionation (50% cpx + 50% plag) 
of the Group 2 amphibolites. Such a fractionated source may account for the general 
enrichment of K10, Rb, Th, U, LREE, Zr and Y. 
It is noted that, although the above modelling is generally consistent with available 
data, the Group 2 amphibolites have only been identified in a limited part of the southern 
Arunta Inlier. The larger variation of £Nd values in the Normal granites suggests more 
complexity in the formation and evolution of the source as well as the melting processes 
than those indicated by the Group 2 amphibolites. The higher £Nd values in the younger 
granites (1600 Ma) are consistent with a continuous mantle input during the later orogenic 
event, whilst some of the lower values (down to -4.4) in the 1770 Ma granites imply 
additional crustal input through assimilation or mixing at lower crustal levels. In 
addition, the modelling implies that the volume of the source would be about 10 times that 
of the Normal Group granites. Such a volumetrically large source may well correspond 
to the thick (-15 km), high seismic velocity layer which may be present beneath 
Proterozoic terrains in central Australia (Wyborn, 1988). 
The HHP Group 
In discussing the origin of the HHP Group, the following important features must 
be considered: (1) Both dyke- and pluton-type HHP suites intrude coexisting, deformed 
suites of the Normal Group; (2) The HHP Group is on average more siliceous than the 
Normal Group; (3) The HHP Group is significantly enriched in Th, U, K, Rb, Pb, 
LREE and depleted in CaO, Sr, Ba, and siderophile elements relative to the Normal 
Group; (4) A/CNK, Ga/Al, and FeO*/MgO ratios overlap the ranges of the Normal 
Group; (5) On the spiderdiagram, the shape of the pattern is essentially similar to that of 
the Normal Group but the degrees of Ba, Nb, Sr and Ti negative anomalies are even 
larger. 
The A/CNK, Ga/Al and FeO*/MgO ratios suggest that, the HHP Group, like the 
Normal Group, is essentially I-type, rather than A- or S-type, although the possibility of 
some (e.g. the Barrow Creek Granite) being so cannot be ruled out. This implies that the 
majority of the HHP Group is derived from igneous sources. The extreme enrichment in 
Th, U, K, Rb and LREE and pronounced depletion in CaO, MgO, FeO*, Ti02, Cr and 
Ni suggest that it is very unlikely that the HHP Group was derived from mafic igneous 
sources as observed in the Arunta Inlier. Although some A-type granites can be 
generated by pronounced feldspar fractionation of mantle-derived basaltic magmas (e.g. 
92 
Plant et al., 1985; Turner et al., 1992), such a model is obviously inadequate to account 
for the large volumes of the granites as well as the lack of association of mafic intrusions. 
By ruling out the above possibilities, the most likely source compositions would be felsic 
or granitic, such as the preexisting Normal Group granites or their equivalents. 
The field relations between the granite suites of HHP Group and those of the 
Normal Group support the above interpretation. e.g. the dyke-type HHP suites occur as 
small but numerous fine-grained undeformed dyke-like intrusions in the more 
voluminous suites of the Normal Group. Considering the high viscosity of the highly 
siliceous melts, it is reasonable to argue that the small, numerous undeformed dyke-like 
intrusions were locally mobilised from the Normal Group during post-kinematic thermal 
event. The voluminous pluton-type HHP suites occur on stock or batholith scales 
intruding deformed, coexisting suites of the Normal Group. Zircon U-Pb ages suggest 
they were significantly younger than the coexisting suites of the Normal Group and are 
mainly late- to post-tectonic in origin. Since fertile reservoirs have already been melted to 
produce granites of the Normal Group, these late- to post-tectonic HHP granites are very 
unlikely to be derived from the same sources as the Normal granites. However, both the 
HHP and coexisting Normal granite suites have similar Nd isotopic compositions, 
suggesting some genetic links between the two. The most reasonable interpretation 
would be that the HHP suites were derived by water undersaturated partial melting of the 
equivalents of the Normal suites in depth during an extensional event probably caused by 
later- to post-tectonic thermal relaxation. During the thermal relaxation, mantle doming 
followed by decompression melting of the mantle may have produced copious basaltic 
melts. Underplating of these melts into the lower crust may have provided sufficient heat 
which in turn resulted in partial fusion of the Normal granites or their equivalents at lower 
crustal levels. 
Recent experimental studies (Holtz and Johannes, 1991) have demonstrated that 
potassic leucogranite melts can be produced by low-degree (<35%) water-undersaturated 
partial melting of an orthogneiss containing 65.87% Si02, 3.08% Na20 and 3.95% KzO, 
compositions quite similar to the Normal Group granites. Their studies as well as many 
others (e.g. Conrad et al., 1988; Ebadi and Johannes, 1991) indicate the composition of 
the minimum melt becomes richer in KzO with increasing pressure, decreasing water 
activity and decreasing Ab/An ratios. e.g. under water undersaturated conditions, 
increasing pressure displaces the minimum point to the Or-Ab sideline of the Q-Or-Ab 
ternary system by increasing Or at the expense of Q, and therefore more potassic, less-
siliceous melts (relative to HzO-saturated melts) can be produced. It has been considered 
that the water-undersaturated conditions can be achieved in a granitic metaigneous source 
which usually has a total water budget of -1 % and will be retained upon melting in 
minor, relatively refractory hydrous phases (e.g. Anderson, 1983). During such water-
undersaturated melting, the derived liquid would be expected to be uniformly potassic, 
and enriched in elements such as Th, U, Rb, LREE which have high bulk-D values due 
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to the lack of suitable phases holding them back in the residue, and depleted in CaO, Sr, 
Ti, Mg, Fe and other siderophile elements which have been retained in the more 
refractory calcic plagioclase, biotite and minor other mafic phases. Such geochemical 
features are what have been observed in the HHP Group. 
In fact, similar models have been proposed by Anderson and Cullers (1978), 
Anderson (1983), Haapala and Ramo (1990) and Creaser et al. (1991) for the origin of 
Proterozoic anorogenic granites as well as A-type granites. Anderson (1983) reviewed the 
geochemical and isotopic features of the Proterozoic anorogenic granites in North 
America and proposed that they were generated by small degree (10-30%) partial melting 
of a quartz dioritic to granodioritic crustal source which in composition matches well the 
synorogenic, calc-alkaline metaigneous rocks that comprise much of the lost Proterozoic 
terrains for the anorogenic batholiths. This model has been well supported by Nd 
isotopic studies of Nelson and DePaolo (1985) and Bennett and DePaolo (1987). 
Similarly, Haapala and Ramo (1990) argued, based on geochemical and isotopic studies, 
that anorogenic rapakivi granites (1.7-1.55 Ga) of southern Finland were generated 
under an extensional tectonic environment by partial melting of the Svecofennian crust 
forming 0.2-0.3 Ma earlier, with heat flow coming from mantle-derived magmas. 
Creaser et al. (1991) critically assessed the melt-depleted residual-source model of Collins 
et al. (1982) for generation of A-type granites in general and suggested that origin of 
some A-type granites may involve partial melting of crustal igneous rocks of tonalitic to 
granodioritic composition rather than melt-depleted residual granulites. Summarising the 
above proposals, it is reasonable to argue that water-undersaturated partial melting of 
granitic crust during post-tectonic extension may be a common process for generation of 
many highly enriched anorogenic granites. 
6.7 ORIGIN OF MAGMA SOURCES OF THE ARUNTA GRANITES 
6. 7.1 Existing models for the magma sources of Proterozoic granites 
It has been found that many of the initial Nd isotopic compositions in granites 
(e.g. the Arunta granites) reflect properties intermediate between depleted mantle and pre-
existing continental crust. This is a common characteristic of many Proterozoic terrains 
and accordingly, a number of models have been proposed to explain this signature. 
They generally fall into two broad categories: (1) two-stage protolith models in which 
granites and their sources were formed during separate tectonothermal events; and (2) 
two-component mixing models in which the sources of the granites were formed by 
mixing of a mantle-derived component with preexisting crustal components and usually 
the sources and the granites were generated during the same orogenic cycle. The two 
categories of models can be illustrated in Fig. 6.15. In the first case, the initial ENd ratios 
of the granites were derived by reprocessing of a crustal protolith formed several hundred 
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million years earlier (at Tri~). In the second case, the initial ENd ratios of the granites 
resulted from mixing of a depleted mantle component formed at TxtaI. (crystallization age 
of the granites) with a component of the preexisting continental crust. 
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Figure 6.15: Schematic diagram illustrating two contrasting models for deriving the 
initial ENd of the Arunta granites (After McCulloch, 1987, and Patchett and Arndt, 1986). 
In the first case, the initial ENd values of the granites were derived by reprocessing of a 
crustal protolith (e.g. mantle-derived underplate) formed several hundred million years 
earlier (at Tri~). In the second case, the initial ENd values of the granites resulted from 
mixing of a depleted mantle component formed at Txtal. (crystallization age of the 
granites) with a component of the preexisting contipental crust. It can be seen that the 
protolith age (T protolith) may be different from the T1~~ age if the protolith has a different 
Sm/Nd ratio from the granites, whilst the ~~ age may vary up to several hundred 
million years if different depleted mantle growth curves are adopted. TxtaI. ,Tri~. and 
T protolith refer to crystallization age, Nd depleted mantle model age and protolith age of 
the granite. DM - depleted mantle. CHUR - chondritic uniform reservoir. 
Two-stage protolith models 
The first category includes two distinctive models, i.e. ensialic underplating (e.g. 
Wyborn, 1988; Wyborn et al., 1988) and subduction-related underplating (e.g. 
McCulloch and Chappell, 1982; Chappell and Stephens, 1988; Gromet and Silver, 
1987). As described in Chapter 2, the ensialic rifting and underplating model of Etheridge 
et al. (1987) has been used to explain the geochemical characteristics of the K-rich, Sr-
depleted, Y-undepleted granites in central Australia. This model encounters a number of 
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problems. The major problem is that the large volume of the Y-undepleted granites in 
central Australia requires an even larger underplated source. During the large degrees of 
partial melting as required to produce the underplated source, the resultant melts will be 
characterised by a flat to LREE-depleted pattern, as expected from that of the normal 
asthenospheric mantle. Subsequent feldspar-present partial melting of such an 
underplated source with a flat REE pattern is therefore not capable of producing the 
LREE-enriched patterns and pronounced enrichment in other LIL elements as observed in 
the Proterozoic granites of central Australia. A related problem is that an underplate 
formed by partial melting of asthenospheric or plume mantle sources cannot account for 
the pronounced negative Nb anomalies in the granites. As discussed previously, such Nb 
anomalies cannot be attributed to either partial melting or crystal fractionation processes 
within the crust and therefore must be inherited from their sources. This is consistent with 
the observation that mafic rocks occurring in modem ensialic rifting zones (e.g. the 
Eastern Africa Rift) show no depletion in Nb. It may be argued that the LIL- and LREE-
enriched, Nb-depleted underplate is somewhat analogous to Phanerozoic low-Ti type 
continental flood basalts (CFB). However, Such low-Ti CFB's were usually considered 
to be generated either by partial melting of a subduction-modified continental lithospheric 
mantle (e.g. Hergt et al., 1991), or large degrees of crustal contamination (Campbell and 
Griffiths, 1990). 
New Nd isotopic data also do not support the ensialic underplating protolith 
model. The uniform Tri~ ages obtained previously for the Barramundi Association 
(McCulloch, 1987) have been considered by Wybom (1988) as indicating a uniform 
composition to the underplate formed in an ensialic rifting environment. However, the 
new Nd data obtained in this study show that Nd isotopic signatures of the Arunta 
granites are not as uniform. e.g. at given magmatic ages, the granite suites may have 
initial ENd values varying up to 5 units, much larger than the analytical uncertainty (±0.2) 
for individual samples. Considering the fact that the difference in ENd between the 
depleted mantle and Archean crust is only about 15-17 units in the Early Proterozoic, the 
initial ENd variation in the granites is about one third of the difference between the depleted 
mantle and Archean crust and therefore by no means can these values be considered as 
"uniform". 
Another problem with the ensialic underplating model is the timing of 
underplating and the lack of geological evidence for major asthenospheric or plume 
related underplating events. The Sm/Nd ratio is expected to be much higher than the 
granites if it was derived from partial melting of asthenospheric mantle without crustal 
contamination or metasomatism by slab-derived components. In this case, the 2.1-2.3 
Ga~~ ages obtained from granites in central Australia cannot be considered as the age 
of underplating (e.g. Fig. 6.15). Furthermore, as argued by McCulloch (1987), the time 
interval between the proposed underplating and the formation of the Barramundi 
Association is too long for the proposed short-lived ensialic Wilson cycle of Etheridge et 
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al. ( 1987). It is also noted that the calculation of Tri~ ages is model dependent. If a more 
depleted mantle evolution is assumed, model ages as old as late Archean can be obtained 
for granites (e.g. Fig. 6.15). 
As an alternative, the subduction-related underplating model involves partial 
melting of underplated sources which were formed through subduction-related processes 
during previous tectonothermal events. In this model, whilst the generation of the 
granites may not be necessarily subduction-related, the sources of the granites may have 
been formed in a subduction regime. This model is capable of explaining the I-type 
granites which have relatively uniform geochemical features but large and systematic 
variations in their initial ENd values (e.g. McCulloch and Chappell, 1982). The relatively 
uniform geochemical features are due to similar tectonic processes for the generation of 
the sources, whilst the variations in ENd values are probably related to the fact that the 
sources may have been formed at different times, with granites derived from older 
sources corresponding to lower ENd values. This subduction-related model also avoids 
the inevitable problems facing the ensialic underplating model, such as Nb depletion and 
LREE-enriched patterns. 
Two-component mixing models 
The second category of models (e.g. Patchett and Arndt, 1986; Nelson and 
DePaolo, 1985; Bennett and DePaolo, 1987; Farmer and DePaolo, 1984) assumes that 
the granites are a direct product of crust-mantle interaction. One simple model is that 
granites were generated through an AFC (combined assimilation and fractional 
crystallization) process (DePaolo, 1981a; DePaolo et al., 1992) within a mantle-derived 
basaltic magma chamber. This process is capable of producing a variation in initial ENd 
values within a single granite pluton by assimilation of preexisting continental crust. 
DePaolo et al. (1992) argued that large volumes of silicic magma could be generated if the 
basalt recharge-to-assimilation ratio (r/a) exceeds a critical value, which increases with 
decreasing ambient crustal temperature. Although this model has been successfully 
applied to the Mesozoic granites in western United States, it may not be applicable to the 
Arunta Inlier due to the lack of intermediate components and geochemical and Nd isotopic 
layering in many granite plutons or batholiths. Moreover, the bulk of mafic igneous 
rocks in the Arunta Inlier display Nd isotopic signatures already approaching those of the 
granites, which suggests that mixing between mantle and crustal components had already 
occurred before granite generation. There is no evidence to show that the mafic igneous 
rocks were contemporaneous with the granites. In addition, the AFC model has been 
demonstrated to be dynamically not viable (e.g. Sparks et al., 1984). 
A more realistic model which is described in the following section is that the 
sources of the granites were formed by mixing of mantle-derived magma with old 
continental components either at mantle depths in the form of sediment subduction or at 
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lower crust levels through assimilation and/or magma mixing. The granites are then 
generated by partial melting of these mixed sources during the later stages of the orogenic 
processes. A simple mixing model which involves mixing of juvenile mantle-derived 
materials with a fixed Archean crustal component has been proposed for Proterozoic and 
used for modelling continental crust growth through time (e.g. Patchett and Arndt, 1986). 
In addition to petrologic problems discussed above, the main problem with this simple 
assumption is that there is no evidence to show that the crustal component has an Archean 
age and would have not changed with time. It is likely that during periods of orogenesis, 
materials from younger orogenic belts are preferentially removed and incorporated into 
the sediment profiles and granite sources resulting in a younging trend in the~~ ages as 
observed in the sediments (e.g. Michard et al., 1985; McLennan et al., 1990). 
6.7.2 Preferred model - subduction-related sources for the Arunta granites 
Due to the problems with both the ensialic underplating and simple two-
component mixing (via AFC processes) models, it is considered that the large variations 
in initial ENd values for granites of specific age groups reflect mixing of older crust and 
mantle components via sediment subduction and mantle wedge metasomatism at mantle 
depths. Such a mixed source may well be represented by a mafic underplate, 
corresponding to the high velocity layer beneath the Arunta Inlier. 
The alternative model of two-component mixing via crustal assimilation requires 
the presence of preexisting, presumably Archean, continental crust being sandwiched 
beneath the Proterozoic terrains. The presence and extent of this older Archean crust are 
difficult to justify. The presence of rare inherited zircons with Archean ages (Zhao and 
Bennett, this volume) implies to some extent the existence of unexposed Archean crust. 
However, these zircons are also likely to be incorporated from minor sedimentary 
components during infracrustal melting in a continental margin setting. It has been 
acknowledged that I-type granites may not be derived from pure igneous sources (e.g. 
Chappell and White, 1992). Even if Archean crust is present beneath the Proterozoic 
terrains in central Australia, it may have been dismembered and fragmented. 
The preferred model involving sediment subduction appears to be a more 
plausible process, especially considering the absence of significant Archean lower crust 
as well as the similar initial £Nd values between the arc-type mafic rocks (e.g. the Group 2 
amphibolites) and the granites. It has been argued that the igneous precursors of the 
Group 2 amphibolites in the Alice Springs were derived from metasomatised mantle 
wedge whilst crustal contamination is insignificant (Appendix 10). This model can be 
extended to apply to most of the mafic rocks in the southeastern Arunta Inlier, e.g. those 
in the Harts (Sivell, 1988) and Strangways Ranges (Windrim, 1983). As discussed 
before, this type of mafic rocks or their equivalents is the best candidate for the source of 
the granites. However, Nd isotopic and geochemical data for mafic rocks in the Arunta 
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Inlier are still very limited and the Group 2 amphibolites may not be completely 
representative of this subduction modified underplated source. Considering the fact that 
crustal assimilation is inevitable when mantle-derived magmas are emplaced into lower 
crustal levels, it is likely that sediment subduction and to a lesser extent lower crustal 
assimilation may be both important processes in the formation of the Arunta granites. 
It is also possible that the Arunta granites, especially those of the Normal Group, 
were derived from subduction-related mafic underplates which was formed during 
previous tectonothermal events. i.e., whilst the source of the granites were formed in a 
subduction-related tectonic environment, the granite generation may not necessarily be so. 
Although this may well be the case for the origin of the Normal Group, the main problem 
arisen is that precise ages of mafic igneous rocks, which may be equivalent to the 
underplates, cannot be obtained. Therefore, there is no evidence to argue that the 
proposed underplates were formed either significantly earlier or at approximately the same 
time as the granites. It may be possible to consider that a 1650 Ma old granite was 
derived from an underplated source which was formed during the orogenesis at 1750-
1780 Ma. However, it is difficult to argue that a 1870-1880 Ma old granite (such as the 
Atnarpa Igneous Complex) was derived from an underplate forming significantly earlier, 
because no orogenic events older than 1880 Ma have been registered in central Australia. 
The trend of increasing ENd values with decreasing crystallization ages is very 
interesting. In general, it suggests that newly mantle-derived material was increasingly 
being incorporated into the younger granites. It is likely that the sources of the 
progressively younger granites have been continuously modified through addition of new 
mantle-derived materials during subsequent tectonothermal events. Alternatively the 
crustal component added to the mantle wedge via sediment subduction may have become 
progressively younger due to enhanced recycling of newly-formed island-arc materials 
into the subducted sediments. 
6.8 SUMMARY AND CONCLUSIONS 
Based on detailed geochemical, geochronological and Nd isotopic characteristics, 
the Arunta granites are divided into three major groups, the Calcalkaline-trondhjemitic 
(CAT) Group, the Normal Group and the High Heat Production (HHP) Group, which 
are further subdivided into different supersuites or suites. These large geochemical and 
isotopic variations reflect considerable heterogeneity in the sources of the granites and do 
not support a uniform, Barramundi-type underplate source for the origin of the granites. 
The Nd isotopic data suggest the sources of the granites may contain essentially two main 
components, an Early Proterozoic mantle-derived component and an older crustal 
component. The older crustal component was incorporated into the source region of the 
granites either through magma assimilation of crustal materials at lower crustal levels or 
preferably sediment subduction and mantle wedge metasomatism. 
CHAPTER 7. IMPLICATIONS FOR PROTEROZOIC 
TECTONICS AND CRUSTAL EVOLUTION IN CENTRAL 
AUSTRALIA 
7.1 INTRODUCTION 
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As has been reviewed in Chapter 2, controversy exists over the Proterozoic 
tectonic style and crustal evolution, with two contrasting model being proposed, one 
endorsing the concept of plate tectonics formulated for modern orogenesis (e.g. 
Hoffman, 1988) and one advocating ensialic rifting with oceanic floor spreading and 
subduction playing an insignificant role (Etheridge et al., 1987). The ensialic model was 
established on the basis of a generalised study of Proterozoic terrains in central Australia 
(Etheridge et al., 1987). 
In Chapters 3 to 6, detailed geochemical, U-Pb geochronological and Sm-Nd 
isotopic studies have been presented for granitoids and mafic rocks in the Arunta Inlier. 
Here in this Chapter, data obtained in the above studies will be synthesized in an attempt 
to assess the applicability of the above two contrasting tectonic models to the Proterozoic 
crustal evolution in the Arunta Inlier and central Australia. It must be noticed that the 
debate over the tectonic style and crustal evolution in the Proterozoic is far from being 
resolved. The present study is only aimed to obtain some important constraints on this 
issue. Far more work is needed before a clear tectonic framework can be firmly 
established. 
7.2 PROBLEMS WITH THE ENSIALIC TECTONIC MODEL 
As summarised in Chapter 2, the ensialic rifting tectonic model was first 
established by Kroner (1983) and further developed by Etheridge et al. (1987) to explain 
the tectonic style and crustal evolution in central Australia. This model is illustrated in 
Fig. 2.3. In this model, the tectonic evolution in central Australia started at around 2.2-
2.0 Ga with ensialic rifting, mafic volcanism and underplating within preexisting, 
probably Archean crust as a result of small scale mantle convection. Subsequent heat loss 
after the output of the mafic magmas caused termination of convection, thermal 
subsidence of the stretched regions and gravitational instability-driven crust-mantle 
delamination and A-subduction. Such delamination provided driving force for 
compressional orogeny, partial melting of the underplated mafic layer and emplacement of 
widespread, geochemically uniform I-type granitoids termed the Barramundi Igneous 
Association. The advocates point out that the best modern analogy of this ensialic 
tectonic regime is the Red Sea and Eastern Africa Rifts, which occur in an ensialic 
setting. 
As outlined in Chapter 2, the advocates of the ensialic model (e.g. Etheridge et 
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al., 1987) reject the alternative plate tectonics based on the following reasons: (1) the 
"virtual absence" of ophiolites and paired metamorphic belts, (2) the presence of ensialic 
basement to part of the Proterozoic terranes, (3) the paucity of andesitic volcanism, (4) 
the lack of significant vertical uplift and (5) the absence of palaeomagnetic evidence for 
relative motion between Proterozoic terrains. Instead, they list the following main 
evidence to support their ensialic model: (1) a synchronous orogenic event of 1850-1880 
Ma throughout central Australia without any polarity in either age or geochemistry, (2) the 
bimodal nature of igneous rocks, apparently resembling those in modern ensialic rift 
zones, such as the Eastern Africa Rift, (3) the geochemically uniform Barramundi 
Igneous Associa,tion throughout central Australia, characterised by high K20, La, Ce, 
Rb, Th and U, low MgO, CaO, Ni, Cr and low initial 87Sr/86Sr ratios compared with 
Phanerozoic I-type analogues, implying a uniform mantle-derived underplated source, (4) 
a metamorphic history characterised by a low-pressure, high-temperature anticlockwise 
P-T-t path, indicating a rift-related process, and (5) the lack of palaeomagnetic evidence 
for relative motion among Proterozoic terrains in central Australia, suggesting they have 
remained in their relative positions since at least late Archean. 
Although the above model provides a plausible explanation for a number of 
observations, especially the origin of the so-called geochemically uniform Barramundi 
Association throughout central Australia, it confronts a number of problems. Following is 
a list of these problems: 
(1). The presence of preexisting, presumably Archean basement as well as the 
geochemically uniform mafic underplate has not been proven. Although inherited zircons 
of Archean and early Proterozoic ages have been identified in a number of granite suites 
in the Arunta Inlier, they cannot be used as conclusive evidence for the presence of 
Archean basement or 2.1-2.3 Ga underplate. In fact, the diversity of inherited zircon 
population in the granites in terms of age and geochemical and isotopic characteristics 
precludes derivation of these zircons from a uniform, mafic underplate. On the other 
hand, the large variations in both geochemistry and initial ENct values as displayed by the 
Arunta granites sharply contrast the uniform nature of the proposed underplate. Other 
evidence against the presence of the Etheridge-Wyborn type 2.1-2.3 Ga subduction-
unrelated underplate, as argued in previous chapters, is that the underplate produced in 
the proposed ensialic rifting process cannot produce the LREE-enriched patterns and 
distinctive negative Nb anomalies as required for the generation of the Barramundi 
Association. Therefore in conclusion, although some of the granites may well be derived 
from an underplated source, the underplate may not necessarily be derived in an ensialic 
rifting process at 2.1-2.3 Ga. 
(2). The driving force for the crust-mantle delamination, which is crucial for the 
viability of the ensialic model, has been critically questioned by Ellis (1992) on the 
ground that the buoyant lithosphere is incapable of sinking into the denser asthenosphere 
without additional driving force. Model calculation made by Ellis (1992) suggests the 
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lithosphere will not sink into the asthenosphere unless the asthenosphere is more than 700 
°C hotter than the lithosphere, which is obviously impossible. Therefore, he argued that 
much of the ensialic tectonics resulted from stress transfer from remote convergent plate 
margin. In other words, the ensialic tectonics is secondary to plate tectonics. 
(3). Although the ensialic model provides an alternate mechanism for the 
generation of Proterozoic continental crust, it fails to answer such questions as how the 
Proterozoic oceanic crust was consumed. It has been well known that the greatest 
difference between continental and oceanic crust is that continental crust is significantly 
older. The continental crust has a mean age of 2.0 Ga and maximum age in excess of 3.8 
Ga, whereas the corresponding values for oceanic crust are 0.1 and 0.2 Ga, respectively. 
Since oceanic crust must have existed during the Proterozoic but little survived, there 
must have been some mechanisms which are responsible for its continuous consumption. 
In this case, the plate tectonics remains to be the most plausible mechanism, whilst the 
ensialic tectonics provides little solution, whatsoever, to this problem. 
(4). Another serious problem with the above ensialic model is that, although the 
advocates have drawn attention to the analogy between the Proterozoic mobile zones in 
central Australia and modern continental rift zones in terms of bimodality of magmatism, 
no comparison has been made in terms of other geochemical features of rift-related 
volcanics. For example, basalts erupting in modern ensialic rifting zones (e.g. Rio 
Grande and Ethiopian Rifts) are dominantly of alkali or transitional type (Wilson, 1989, 
for review), which are remarkably different from arc-type basalts in having strongly 
LREE-enriched patterns, highly enriched HFS element abundances, low Zr/Nb, La/Nb 
ratios and low ENd values, suggesting low-degree partial melting of enriched mantle 
sources probably within garnet stability field. Some rocks may have positive Nb 
anomalies, resembling plume-related oceanic island basalts (Holm, 1985). Basalts with 
MORB-type signatures were only found to erupt when the rift has developed into a proto-
oceanic basin (e.g. the Red Sea). Most importantly, no basalts with arc signatures have 
been found in ensialic rift zones (excluding continental margin rift zones). Therefore, if 
the Proterozoic mobile zones were developed within a preexisting continental crust, and 
no oceanic crustal subduction has been involved, it would be expected that most of the 
volcanics found in such mobile zones should show strong geochemical affinities to 
within-plate basalts and few of them should display arc-type geochemical signatures. 
However, studies of many Proterozoic mobile zones provide contrary evidence. It is the 
arc signatures that dominate the mafic volcanics in the Proterozoic mobile zones (e.g. 
Pharaoh and Brewer, 1990; Park, 1988; Halden, 1991; Condie, 1986; Sivell, 1988). 
(5). In fact, the argument for bimodality presented in Etheridge et al. (1987) and 
Wyborn et al. (1987) is also a misconception. As shown in Fig. 7 .1, these authors 
compare the Si02 frequency distribution for all the igneous rocks, regardless of age or 
tectonic relations, from Proterozoic terrains in central Australia, with those occurring in 
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Figure 7.1: Frequency distribution histogram for Si02 for the Proterozoic terrains of 
central Australia, as illustrated in Wyborn et al. (1987), for comparison with analyses of 
Cenozoic Bismark Volcanic Arc. 
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Cenozoic Bismark Volcanic Arc. Such a sort of comparison is just like comparing a 
family of different generations with a specific family member within the family. It is well 
known that magmatic activities may occur at any stage of a Wilson Cycle, whilst 
calcalkaline andesites only occur at a specific stage of such a Wilson Cycle, i.e. only 
when subduction reaches certain depth and continental crust reaches certain thickness can 
production of andesites either by fractionation or magma mixing become available (e.g. 
Fyfe, 1981; Gill, 1981 ). If igneous rocks forming at all the stages of a complete Wilson 
Cycle (e.g. initial rift at divergent margin, island arcs and continental arcs at convergent 
plate margin, continental collision zone as well as post-collisional uplift phase) are 
superimposed, the resultant Si02 frequency distribution would be most likely to be 
bimodal. Especially during the collisional stage of the Wilson Cycle or post-collision 
uplift, earlier formed andesitic crust would undergo partial melting to produce younger 
potassic granites (e.g. Anderson, 1983) and therefore the occurrence of intermediate 
andesitic components will be further replaced by more Si02-rich components. Thus, the 
bimodal distribution of Si02 in igneous rocks is a common feature in most orogenic belts 
where the Wilson Cycle has completed, e.g. the Palaeozoic Lachlan and Caledonian 
Foldbelts in addition to Proterozoic orogenic belts. 
In fact, Wyborn's argument for bimodality of igneous rocks in central Australian 
Proterozoic belts is also self-contradictory to her underplate model. In her model (e.g. 
Wyborn and Page, 1983; Wyborn, 1988), the model composition of the fractionated 
underplate for generation of the Barramundi Association is andesitic, with a Si02 level of 
-60%. If such a proposed continent-scale mafic underplate contains a dominant magma 
component of andesitic composition, there is no reason to argue that the volcanics related 
to this underplating event are not andesitic. 
In addition, the bimodality of Proterozoic igneous rocks is likely to be due to low 
survival frequency of andesites in the Proterozoic. As discussed by Condie (1986), the 
bimodality in Proterozoic volcanic terranes in the western United States perhaps reflects 
differences in eruptive mechanisms between arcs and back-arc successions and a 
preservation bias toward back-arc successions and an erosion bias toward high-standing 
arc successions. Therefore, he argued that if early Proterozoic volcanic terranes represent 
preserved fragments of back-arc basin successions, rather than arcs proper, a bimodal 
volcanic suite is to be expected. 
(6). The palaeomagnetic evidence for the lack of relative motion among the 
Proterozoic terrains in central Australia is based on poorly documented geochronological 
data, few of which have been verified (Idnurm and Giddings, 1988). In particular, it 
must be noted that there is only one datum from the Arunta Inlier. This only datum is 
taken from the late Proterozoic Stuart Dyke Swarm, which is totally irrelevant to the plate 
motion of the Arunta Inlier relative to other contemporaneous terrains in central Australia 
during the Early Proterozoic. 
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In fact, if the bimodality of volcanic rocks in the Proterozoic mobile zones is 
considered by advocates of the ensialic rifting models as being inconsistent with the 
concept of plate tectonics, the common occurrence of volcanics with arc-type geochemical 
signatures and rareness of those with within-plate signatures would be more incompatible 
with the non-Uniformitarian ensialic rifting models. The Uniformitarian school has made 
attempts to explain the apparent absence or rareness in the Precambrian of "diagnostic" 
criteria for modern plate tectonics such as blueschists, ophiolites and calcalkaline suites in 
terms of secular changes in the cooling Earth (e.g. Hynes, 1987; Ellis, 1992; Martin, 
1986). However, it seems that no alternative models have been proposed by the non-
Uniforrnitarian school to explain the ubiquitous arc-type geochemical signatures displayed 
by the mafic volcanics in Proterozoic mobile zones. 
7.3 NEW CONSTRAINTS ON PROTEROZOIC TECTONICS IN THE 
ARUNTA INLIER 
Regardless of the general dominance of non-U niformitarian view toward 
Proterozoic tectonic evolution in central Australia, increasing evidence indicates that a 
plate tectonic model is probably more compatible for the Arunta Inlier. This viewpoint 
has been repeatedly addressed by a number of workers recently (e.g. Foden et al., 1988; 
Sivell, 1988; Zhao and Cooper, 1992). In this section, the important constraints in 
favour of subduction-related plate tectonics will be summarised. 
The age constraints 
Plumb (1979) and Shaw and Black (1991) indicated that the Arunta Inlier was 
located on the southern margin of the Northern Australian Orogenic Province and 
deformational, magmatic, metamorphic histories here are transitional between the older 
Northern Australian Orogenic Province and the younger Central Australian Orogenic 
Province. McCulloch (1987) has reviewed the Nd isotopic data available from 
Precambrian blocks in Australia and recognised significant differences in terms of crustal 
formation ages between the Northern and Central Australian Orogenic Provinces. These 
studies suggest that the Arunta Inlier was tectonically located probably at a plate margin 
where subduction-related process is expected to have been in operation. 
Fig. 7.2 illustrates a comparison in terms of Tri~ ages and U-Pb zircon ages 
between the Arunta and Musgrave Inliers, which are representative of the Northern and 
Central Australian Orogenic Provinces, respectively. It can be seen that Musgrave Inlier 
has significantly younger Tri~ and U-Pb zircon ages than the Arunta Inlier, suggesting 
they have experienced distinctive crustal formation and orogenic histories. It is expected 
that at the time the Arunta Inlier was formed, the Musgrave Inlier was not existing. In 
other words, the Arunta Inlier was located on the southern margin of the Northern 
Australian Orogenic Province, which was bordered to the south probably by an oceanic 
basin. 
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Figure 7.2: Histo&~am illustrating comparison between the Arunta and Musgrave 
Inliers in terms of T~~ and U-Pb zircon ages. It can be seen that the two Proterozoic 
terrains are characterised by different crustal formation and orogenic histories. Nd data as 
in Appendix 8. U-Pb zircon data from this study, Zhao and Cooper (1992), Black and 
Shaw (1992), Cooper et al. (1988), Collins et al. (1992), Collins (1992), Shaw et al. 
(1992), Young et al. (1992), Maboko (1988) and Camacho and Fanning (1992). 
The transitional nature of the Arunta Inlier can be seen from the U-Pb zircon ages 
obtained from the Arunta itself. e.g. both this study and that of Black and Shaw (1992) 
demonstrated that the main magmatic event in the Arunta Inlier occurred during 1750-
1770 Ma period, which was significantly younger than the 1850-1880 Ma Barramundi 
Orogeny which was dominant further north. 
Arc- and MORB-type mafic rocks 
Both the present and previous studies suggest that mafic rocks in the Arunta Inlier 
are dominated by those with arc- or MORB-type affinities. These rocks include the 
metatholeiites in the Entia Dome and Harts Range (Sivell, 1988; Sivell and McCulloch, 
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1991 ), the metatholeiites in the Alice Springs area as presented in Chapter 5 and some 
granulitic metatholeiites in the Strangways Range reported by Windrim (1983) and this 
study (e.g. the Johannsen Metagabbro). Sivell and Foden (1988) and Sivell (1988) 
argued that the mafic rocks in the Entia Dome show geochemical affinities to arc-type 
basalts whilst the metatholeiites in the Harts Range meta-igneous complex are similar to 
MORB-type rocks forming in back-arc basin environments. In this study, two types of 
mafic amphibolites are geochemically identified in the Alice Springs region, the southern 
Arunta Inlier (Chapter 5; Appendix 10). They both show clear geochemical affinities to 
basalts forming in island arc/back arc basin regimes and are distinct from those forming in 
ensialic rifting environments. All these mafic successions are analogous to those 
recognised in the Proterozoic mobile belts in the Northern Hemisphere, where 
subduction-related tectonics has been well established (e.g. Condie, 1986; Pharaoh and 
Brewer, 1990). 
Subduction-related calcalkaline suites 
As discussed in the previous chapters, calcalkaline-trondhjemitic suites of 1.75 to 
1.88 Ga in age have been found in areas where arc- and MORB-type mafic rocks were 
recognised. They are those of the CAT group described in Chapter 6, i.e. the Entia suite 
reported by Foden et al. (1988), the Atnarpa Igneous Complex by Zhao and Cooper 
(1992), the Phlogopite Suite in close association with the Johannsen Metagabbro reported 
by Black and Shaw (1992) and the Alice Springs Granite reported in this study. Foden et 
al. (1988) argued that the Entia suite is geochemically analogous to batholiths in modern 
Cordilleran-type continental margin. Zhao and Cooper (1992) synthesized available data 
and argued that the SE margin of the Arunta Inlier represents a subduction-related plate 
margin during early-mid Proterozoic. 
Geochemical polarity across the Arunta Inlier 
Granitoids in the Arunta Inlier display clear geochemical polarity analogous to 
subduction-related continental margin orogenic belts, such as the Andes. e.g. the CAT 
Group described in Chapter 6 occurs exclusively in the SE margin of the Arunta Inlier, 
whilst the more enriched HHP Group is predominant in the inland area of the Arunta 
Inlier. Even for granites of the Normal Group of similar ages, the Marginal Supersuite is 
also distinctive from the Inland Supersuite in many geochemical features, suggesting 
geochemical polarity in their respective sources (Fig. 6.5). 
Fig. 7 .3 differentiates the granites occurring in the Inland and marginal areas of 
the Arunta Inlier. Fig. 7.4 shows the geochemical comparison between the two 
categories of granites. It can be seen that granites in the southeastern margin are 
significantly higher in Na/K, Sr, Ba and K/Rb and lower in Th, U, K, Rb/Sr and HPU, 
suggesting that the sources of granites in the SE margin are more primitive, less enriched 
in radioactive elements, consistent with a convergent continental margin setting. 
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Figure 7.3: Map illustrating distribution of granites in the SE margin and inland areas 
of the Arunta Inlier. As shown in Fig. 7.4, geochemical polarity is displayed by the two 
categories of granites, consistent with granites occurring at subduction-related continental 
margin. 
General occurrence of negative Nb anomalies 
As have been discussed in the previous chapters, in addition to the mafic rocks, 
all the granites in the Arunta Inlier are characterised by a common occurrence of negative 
Nb anomalies. It has been argued in Chapter 6 that such anomalies can only be achieved 
by derivation of the sources from subduction-related environments. In this respect, the 
subduction-related Group 2 amphibolites have been considered as one of the best 
candidates for the source of the Normal Group granites. 
In fact, the negative Nb anomaly is a common feature in almost all types of 
granites except those forming in continental rift zones and oceanic islands. Fig. 7.5 
illustrates the spiderdiagram patterns for granites forming in different tectonic 
environments. It can be seen that only the A-type granitoids forming in plume-related 
continental rift zones or oceanic islands have no or positive Nb anomalies on 
spiderdiagrams, suggesting they were derived from a plume or OIB source. The other 
types of granites display distinctive negative Nb anomalies, regardless of differences in 
other aspects. 
Ellis (1992) has discussed in detail various models for the generation of negative 
Nb anomalies in arc rocks, continental dyke swarms, granites and continental crust as a 
whole. Considering the lack of complementary Nb enrichment in the lower crust, he 
rejected selective wall rock interaction between basaltic magmas and lower crust or 
retention of Nb in the residue during granite petrogenesis as the cause of Nb depletion. 
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of the Arunta Inlier. 
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Therefore, he concluded that the net depletion in Nb in the continental crust resulted 
ultimately from processes responsible for the initial crustal formation through the upper 
mantle differentiation. In this case, a model involving addition of melts derived from 
eclogite source to peridotite mantle domains are favoured as the cause of Nb depletion in 
the initial continental material. The most likely mantle phase to retain Nb during partial 
melting is rutile which is stable in eclogite but not in peridotite due to the olivine 
dominated reaction into orthopyroxene and ilmenite. Sun (1984) states that the source of 
this eclogite could be either subducted oceanic crust or else mafic lower crust which 
transforms to eclogite, sinks into the mantle and then melts. However, whilst both 
possibilities have been considered as dominant processes responsible for the catastrophic 
crustal formation event registered at the late Archean (-2.7 Ga) (e.g. Condie, 1989), 
study of Ellis and Maboko (1992) rules out the second as being significant in post-
Archean orogenesis. 
Of course, the occurrence of negative Nb anomalies in the Proterozoic does not 
necessarily indicate contemporary subduction-related tectonics. However, in terms of the 
Arunta Inlier, such anomalies can be better explained using subduction-related rather than 
ensialic rifting tectonics. 
Nd isotopic constraints 
It has been considered by Etheridge et al. (1987) and Wyborn (1988) that uniform 
~M ages of 2.1-2.3 Ga for granites in central Australia were best explained as the age of 
the uniform underplate protolith which was initially differentiated from the convective 
upper mantle during 2.1-2.3 Ga. However, as shown in Chapter 6, this underplating 
protolith model has been critically assessed and rejected. Instead, a mixing model 
involving a mantle-derived component with older crustal material is adopted. It is 
considered that there are two alternative processes of mixing. One involves mixing 
between mantle-derived magmas and an older continental component within the magma 
chambers or during partial melting at lower crustal levels. The other is mixing at mantle 
depths by means of sediment subduction. The problems with the first alternative are that 
the existence of Archean crust at the source region of the Arunta granites has not been 
proven. Although inherited zircons of Archean ages have been identified, they are also 
likely to be recycled from minor sedimentary components during infracrustal melting in a 
continental margin setting. The second alternative appears to be more proper, especially 
considering the Group 2 amphibolites in the Alice Springs region, which have similar 
range of initial ENd values as to the granites. Geochemical constraints discussed in 
Appendix 10 preclude crustal contamination at lower crustal levels as a dominant process 
for the origin of the Group 2 amphibolites, including their evolved Nd isotopic 
signatures. If magmas of the Group 2 amphibolites were to be further contaminated by 
Archean continental material to produce the granites, even lower initial ENd values in the 
granites would be expected, which is not the case. In fact, both geochemical and Nd 
111 
isotopic signatures suggest that island arc-related mafic intrusions or underplates similar 
to the Group 2 amphibolites are the best candidate for the source of the Arunta granites. 
There is no need to propose more complex process to explain the petrogenesis of the 
granites. 
The Stuart Dyke Swarm 
As will be discussed in Chapter 9, even the post-tectonic, Late Proterozoic Stuart 
Dyke Swarm may provide evidence for subduction at the SE margin of the Arunta Inlier 
during the Early Proterozoic. It will be shown that the Stuart Dyke Swarm displays 
strong geochemical affinities to island-arc tholeiites and their whole-rock Sm-Nd isotopic 
data yield a well-defined mantle isochron age of -1850 Ma with initial ENd = -4, 
remarkably similar to those of the subduction-related Atnarpa GDTI suite. This dyke 
swarm is considered to be derived from the continental lithospheric mantle which has 
been modified by subduction-zone processes in the Early Proterozoic. 
7.4 IGNEOUS PETROGENESIS IN THE ARUNTA INLIER - A 
WORKING MODEL 
Combining the geochemical data for the granites in Chapter 6 with those for the 
mafic amphibolites in Chapter 5 (and Appendix 10) and the late-Proterozoic Stuart Dyke 
Swam in Chapter 9, an integrated igneous petrogenetic model is proposed and presented 
in Table 7 .1. 
In this model, the process started with slab dehydration which caused 
metasomatism and partial melting of the mantle wedge under a subduction-related tectonic 
environment during 1.9-1.7 Ga. The wedge-derived melts would be characteristic of 
selective large lithophile (LIL) element enrichment and high-field-strength (HFS) element 
depletion as a result of sediment recycling from the slab in the form of fluids. Some may 
be enriched in terms of LREE patterns and Nd isotopic compositions as a result of 
sediment recycling in the form of siliceous melts. The eruption or intrusion of these 
mantle-derived magmas into supracrustal levels resulted in the formation of igneous 
protoliths of the Group 1 and 2 amphibolites as well as the arc-type amphibolites in the 
Atnarpa, Harts Range and Strangways Range areas (Chapter 5; Zhao, 1989; Sivell, 1988; 
Windrim, 1983). The intrusion of the LREE-enriched magmas followed by hornblende-
dominated crystal fractionation may be responsible for the 1879 Ma GDTI suite in the 
Atnarpa and 1767 Ma Entia Suite in the eastern Harts Range (Chapter 6). However, the 
bulk of the wedge-derived magmas may have been ponded to the base of lower crust to 
form a large underplate there. Combined crystal fractionation and crustal assimilation 
may have produced more enriched intermediate layers. Partial melting of the fractionated 
layers in presence of feldspars during subsequent tectonothermal events may have 
produced the Normal Group granites. Water-undersaturated fusion of the Normal 
TABLE 7.1: Synpotic chart showing, in summary, petrogenetic models for 
metatholeiites, granitoids and late Proterozoic mafic dykes in the Arunta Inlier. 
TTG - tonalite-trondhjemite-granodiorite suites, GDTT - gabbro-diorite-tonalite-
trondhjernite suites, HHP - high heat production, CLM - continental lithospheric 
mantle, SDS - Stuart Dyke Swarm. 
garnet/amphibole 
SLAB present partial melting 
homblende-
controlled 
fractionation 
I GI#n1 
dehydration 
& fusion 
• d . l' I I con uctlve coo mg ~1 CLMJ 
I 
WEDGE b d' .. or uoyant rnpmng I 
partial melting 
• PRIMITIVE 
ISLAND-ARC-TYPE 
BASAL TIC MAGMA 
enriched in 
incompatible elements 
underplating & 
AFC process at 
lower crustal 
levels 
+ 
partial melting 
at 1076 Ma 
~ 
eruption or intrusion 
to supracrustal levels 
ISLAND-ARC -TYPE 
MET A THOLEIITES 
I...- ---1 UNDERPLA TE -I -----.1 
feldspar-absent feldspar-present 
partial melting with partial melting 
high-Al TTG 
FRACTION A TED 
INTERMEDIATE TO 
FELSIC LAYERS 
feldspar-present 
partial melting 
I NORMAL;GRANITE I 
anhydrous partial 
melting during 
later-stage thermal 
event 
t 
I HHP GRANITE I 
I lowli TIG I 
112 
113 
granites or their equivalents at lower crustal levels during post-tectonic extension events 
produced the strongly enriched HHP granites. Moreover, partial melting of the 
unfractionated underplated source or island-arc-type intrusions at lower crustal levels may 
have produced the TTG suites. Depending on whether feldspar or hornblende (+garnet) 
were residual phases, both high-Al and low-Al TTG magmas can be produced in this 
way. Alternatively, the high-Al TTG magma can also be generated directly from the 
subducted slab provided the slab is warm enough to undergo partial melting before 
dehydration. The above processes may have repeated during continuous subduction-
related tectonic evolution and different age groups of granites were formed. 
After subduction ceased, the metasomatised mantle wedge was isolated from the 
convective mantle through either conductive cooling or buoyant diapiring. This part of 
the mantle forms the source for the post-tectonic Stuart Dyke Swarm. 
7.5 IMPLICATIONS FOR PROTEROZOIC TECTONICS AND 
CRUSTAL EVOLUTION 
Due to still limited data available, it is at present difficult to incorporate all tectonic 
elements to establish a similar tectonic framework for the Arunta Inlier, as that established 
by Condie (1986) and Bowring and Karlstrom (1990) for the western United States. 
However, the great similarity between the two regions in terms of ages and geochemical 
and isotopic signatures suggests that the tectonic framework as established for the 
western United States may be applicable to the Arunta Inlier. 
Based on available constraints obtained in this thesis, it is considered that 
generation of the igneous rocks in the Arunta Inlier can be accommodated in a multi-stage 
plate tectonic scenario. It is proposed that an island-arc/back-arc basin system has been 
rapidly developed at 1.9-1.7 Ga via extension within the margin of a preexisting, 
probably Archean, continental crust. During such processes, the Archean crust has been 
significantly thinned and eventually dismembered and fragmented. Sedimentation and 
magmatic activity within the island-arc/back-arc system followed by closure of the back-
arc basins and accretion of the island arcs led to quick construction of Proterozoic crust 
and the formation of the subduction-related calcalkaline suites (the CAT Group) as well as 
amphibolites with arc and MORB signatures in the region. Island-arc-type magmas 
parental to the arc-type amphibolites were probably underplated beneath the island-arc 
regime and thinned Archean crust at different stages. During the collision stages of the 
island-arcs, partial melting of the arc-type underplates or intrusions (or simply the island-
arc accretionary prisms) may have been responsible for the formation of the Normal 
Group granites. Post-collision thermal relaxation and uplift associated with thermal 
perturbation in the mantle may have resulted in water-undersaturated remelting of the 
Normal Group granites and generation of the younger HHP Group granites. The above 
processes may have repeated several times (e.g. 1850-1880 Ma, 1780-1700 Ma, 1650-
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1600 Ma) and therefore granites of different ages have formed. Although evidence for 
subduction events at 1650-1600 Ma is absent, it is tentatively considered that this event 
may have been precursory to major crustal formation events in the Musgrave Inlier to the 
south. 
More specifically, it is considered that the Entia-Harts Range area, the Atnarpa-
Arltunga area, the Alice Springs area as well as the southern Strangways Range area are 
likely to represent remnants of the accreted island-arc/back-arc basin regimes. Although 
clear geological relationships in a plate tectonic scenario are as yet difficult to reconstruct 
due to disruption of late-tectonic to post-tectonic magmatism and deformation, it is 
tentatively considered that subduction-related magmatism started at least as early as 1880 
Ma (e.g. at Atnarpa) and repeated at 1780-1750 Ma (Entia-Harts Range, Atnarpa, Alice 
Springs and Strangways Range). The 1750-1780 Ma Strangways Event may represent 
the amalgamation of a series of island arc and back-arc basin accretionary complexes 
developed during the periods of 1.75-188 Ga. It is likely the granulite metamorphism in 
the Strangways Range may be caused by arc-continent collision during this period. 
During the Strangways Event, partial melting of the island-arc-type mafic rocks or 
underplates may have produced the widespread K-rich syntectonic granites. 
This study provides more evidence for the operation of plate tectonics in the 
Arunta Inlier, the southern margin of the Northern Australian Orogenic Province during 
the Early Proterozoic and therefore supports the general arguments by Windley (1981) 
and Hoffman ( 1980) that plate tectonics is applicable in the Proterozoic. However, the 
present work does not deny the possibility of ensialic tectonics in the interior of the 
Northern Australian Orogenic Province further north, where the 1850-1880 Ma magmatic 
event is predominant (e.g. Etheridge et al., 1987). However, as argued by Ellis (1992), 
the ensialic tectonics was probably not caused by thermally induced gravitational 
instability and A-type subduction, rather it is oceanic crust subduction at the plate margin 
that provides the additional driving force for much of the ensialic tectonics in the plate 
interior. 
In addition, this study challenges the concept of 2.1-2.3 Ga underplating event 
and its role in the origin of K-rich granites in much of the Proterozoic terrains. The 
sources of the granites may well be a mafic underplate. However, there is no evidence 
for its derivation purely from the convective upper mantle at 2.1-2.3 Ga without addition 
from older crustal components. Instead, it is considered that an older crustal component 
must have been incorporated into the sources of the granites either through crustal 
assimilation at lower crustal levels or preferably via sediment subduction into the mantle 
source region of the mafic underplate. The older crustal component is responsible for the 
occurrence of LREE-enriched patterns and negative Nb anomalies as observed in the 
granites. On the other hand, the Etheridge-Wybom-type underplate, which was purely 
derived from the convective upper mantle, has no capacity to produce the LREE-enriched 
patterns as well as Nb depletion. 
Part II: 
Late Proterozoic Mafic Dyke Swarms in Central-Southern 
Australia 
(Including Chapters 8 to 10) 
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CHAPTER 8. Sm-Nd MINERAL ISOCHRON DATING OF 
MAFIC DYKE SW ARMS IN CENTRAL-SOUTHERN 
AUSTRALIA 
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Sm-Nd mineral isochron dating has been carried out on mafic dykes in central-
southern Australia. As a result, a research paper has been accepted for publication in the 
Isotope Geoscience and a copy of the manuscript is given in Appendix 11. In this 
chapter, only the main points of this study will be outlined. Readers are referred to 
Appendix 11 for the detailed information. 
The prime aim of this study is to obtain crystallization ages of mafic dyke swarms 
in central-southern Australia and to explore new method for relatively precise and reliable 
dating of mafic igneous rocks. Such a study is important for regional correlation of 
igneous activity, timing of basin formation over wide areas and for reliable calibration of 
Apparent Polar Wander Paths. 
As described in Appendix 11, there are considerable difficulties involved in 
obtaining reliable and precise ages for Proterozoic dykes. Hanes (1987) reviewed a 
number of isotopic systems, including Rb-Sr, K-Ar, U-Pb and Sm-Nd, for dating 
Precambrian mafic dykes and considered that U-Pb zircon/baddeleyite dating of mafic 
rocks is the most reliable method in obtaining precise and accurate ages of mafic rocks. 
However, only a limited number of laboratories in the world have the techniques and 
facilities to undertake baddeleyite U-Pb dating, probably due to the rarity of baddeleyite 
as well as special techniques required for separating baddeleyite. For those who do not 
have the capacity to carry out such work, an alternative method is highly desirable. The 
present work is aimed to provide such an alternative. 
The present study was carried out on Proterozoic dyke swarms in central-southern 
Australia, which were considered to be closely associated with the initiation of 
intracratonic depositional basins developed in the region during Late Proterozoic (Parker 
et al., 1987). The dating of these dyke swarms is important for providing new 
geochronological constraints on the relationships among the dyke swarms and the timing 
of crustal extension and basin evolution in the region. 
As a result of the present study, two distinctive events of widespread dyke 
intrusion have been identified in central-southern Australia using Sm-Nd mineral 
isochrons. The Stuart dyke swarm in the southern Arunta Inlier and the Kulgera dyke 
swarm in the eastern Musgrave Inlier define essentially identical crystallization ages of 
1076±33 and 1090±32 Ma, respectively, marking the first episode of post-orogenic mafic 
magmatism in the region. Two samples from the Gairdner dyke swarm in the Stuart 
Shelf yield Sm-Nd mineral isochron ages of 867±47 and 802±35 Ma, respectively, 
whilst two samples from the Amata suite in the central Musgrave Inlier, 790±40 and 
797±49 Ma. These four ages represent the second episode of mafic magmatism in 
central-southern Australia. These ages allow new constraints to be placed on the timing 
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and mechanism of large scale crustal extension and formation of intracratic depositional 
basins in the region, which will be discussed in the next two chapters. 
Moreover, this study demonstrated that, by splitting minerals into different 
magnetic or density groups, more dispersion in Sm/Nd ratios together with more 
independent data points can be obtained. In this manner, more reliable and relatively 
precise ages for Precambrian mafic dykes can be obtained using clinopyroxene and 
plagioclase separates, especially when zircon and/or baddeleyite are not available for more 
precise U-Pb dating. 
In addition, the 1076±33 Ma Sm-Nd age of the Stuart dyke swarm is significantly 
older than its Rb-Sr mineral isochron age of 897±9 Ma previously reported, suggesting 
mobility of Rb and/or Sr and partial resetting of Rb-Sr isotopic systematics, even if the 
metamorphic grade is very low. This suggests that care must be taken in interpreting Rb-
Sr internal isochron ages obtained from Precambrian rocks. 
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CHAPTER 9. THE 1080 Ma DYKE SW ARMS IN CENTRAL 
AUSTRALIA: EVIDENCE FOR MELTING OF A 
SUBDUCTION-MODIFIED CONTINENTAL LITHOSPHERIC 
MANTLE (CLM) 
Statement: A paper coauthored by Zhao and McCulloch derived from the present work 
has been accepted for publication in Geology. This Chapter represents a slightly 
modified and amplified version of the paper with additional data included in this Chapter. 
In order to avoid repetition or at least giving readers such an impression, the paper will 
not be shown in the Appendices. 
9.1 INTRODUCTION 
The continental lithospheric mantle (CLM) is the part of the upper mantle below 
the Moho discontinuity which is mechanically coupled to the overlying continental crust. 
Models proposed for the formation and growth of the CLM generally involve 
underplating of buoyant, refractory peridotite diapirs onto the preexisting lithosphere 
during plate-margin and intra-plate volcanism (e.g. Ringwood, 1982); lithospheric 
thickening due to post-tectonic conductive cooling (asthenosphere freezing) (e.g. Jordan, 
1978); and lithospheric doubling as a result of oceanic lithosphere subduction (e.g. Vlaar, 
1983). After formation, the CLM may be further modified by fluids/melts derived from 
the deep mantle (e.g. Frey & Green, 1974). Therefore, the composition of the CLM is 
expected to be extremely heterogeneous due to complex and diverse origin. 
From studies of CLM peridotite xenoliths brought to the Earth's surface by alkali 
basalts, it has been shown that the CLM has experienced an earlier LIL depletion event 
followed by several episodes of LIL enrichment (e.g. Frey & Green, 1974; McDonough 
& McCulloch, 1987; Griffin et al., 1988; O'Reilly et al., 1991). The depletion event is 
envisaged as being due to basaltic melt extraction from pyrolitic mantle and initial 
formation and stabilization of the CLM in conjunction with crustal formation, whilst the 
enrichment events correspond to episodes of intraplate volcanism or modification by later 
subduction related processes. These studies suggest that underplating of refractory 
mantle diapirs is probably a dominant process for the growth of the CLM. Evidence for 
subduction-modified CLM has been presented by Griffin et al. (1988), who argued the 
lherzolite xenoliths from eastern Australia represent samples of the altered mantle wedge 
above subduction zones formed during the accretion of eastern Australia 300-600 Ma 
ago. However, a contrasting conclusion was made by McDonough (1991) who argued 
that chemical and isotopic features of the xenolith populations from eastern Australia 
suggest that the underlying CLM was formed and subsequently modified in intraplate or 
divergent-margin tectonic environments rather than subduction-related environments. 
In addition, considerable controversy exists concerning the role of the CLM in 
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continental volcanism, in particular, whether it is capable of melting (e.g. Cox, 1983; 
Ellam & Cox, 1989; Tarney & Weaver, 1987; Hergt et al., 1991; Campbell & Griffiths, 
1990) . Many workers have considered that the CLM plays an important role in 
influencing the chemical and isotopic compositions of the continental flood basalts (CFB) 
by being either an entire source or a significant LIL-enriched component of the source 
(e.g. Cox, 1983; Tarney & Weaver, 1987). However, some studies also suggest that the 
CFBs were exclusively derived from deep mantle plumes with the CLM playing an 
insignificant role (e.g. Richard et al., 1989; Campbell & Griffiths, 1990). The plume 
advocates argue that the refractory and stiff CLM is not capable of melting due to its high 
solidus temperature. Although many high-Ti CFBs may be directly derived from a plume 
source due to their geochemical similarities to plume-related ocean island basalts (OIB), 
some low-Ti CFBs and related continental dyke swarms display geochemical and isotopic 
features, such as decoupling between LIL and HFS elements and negative £Nd, which are 
distinctive from those of the the plume-related OIBs (e.g. Tarney & Weaver, 1987; Hergt 
et al., 1991 ). Although plume advocates may attribute these features to en route crustal 
contamination (e.g. Campbell & Griffiths, 1990), geochemical and isotopic constraints 
for many such suites preclude this to be a significant process. Consequently, it has been 
argued that the low-Ti CFBs and related dykes were derived from the CLM which had 
been modified by subduction-zone processes during periods of crustal and lithosphere 
formation (e.g. Tarney & Weaver, 1987; Hergt et al., 1991; Cox, 1983). 
In order to test the above models and further constrain the roles of the CLM in 
continental volcanism, detailed geochemical and Nd isotopic studies were undertaken on 
the Stuart and Kulgera Dyke Swarms. In Chapter 8 and Appendix 11, it has been shown 
that the SDS and KDS yield analytically indistinguishable Sm-Nd mineral isochron ages 
with a weighted mean of 1083±23 Ma, suggesting they were intruded during the same 
magmatic event. In addition, it has also been demonstrated that the Arunta and Musgrave 
Inliers, which are intruded by the SDS and KDS, respectively, represent two distinctive 
orogenic provinces (Shaw and Black, 1991) and were formed during different crustal 
formation events (McCulloch, 1987). e.g. Nd model ages <'f16~) range from 2.0 to 2.3 
Ga for the Arunta Inlier, and 1.7 to 1.9 Ga for the Musgrave Inlier, suggesting the two 
blocks were formed during two distinctive crustal formation events (Fig. 7 .2; 
McCulloch, 1987). U-Pb zircon ages range from 1.6 to 1.9 Ga for the Arunta Inlier and 
1.1 to 1.6 Ga for the Musgrave Inlier (Fig. 7 .2), indicating the two blocks experienced 
different magmatic and metamorphic histories after formation. Since the CLM was 
considered to be formed as a result of initial extraction of continental crustal material from 
asthenospheric mantle, the difference in the two basement blocks may also reflect 
difference in the age and origin of the respective parts of the underlying CLM. Thus by 
inference, if the two dyke swarms were derived from the CLM, fingerprints of 
geochemical and isotopic signatures of the respective parts of the CLM should be 
observed in the dykes. 
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9.2 SAMPLE SELECTION AND ANALYTICAL RESULTS 
Seventeen samples have been collected from the Stuart Dyke Swarm (SDS) for 
XRF analysis and the analytical results are presented in Appendix 2. Key samples of the 
SDS were chosen for REE and Sm-Nd isotopic determination using the isotope dilution 
and for trace element analysis using the spark source mass spectrometry and the results 
shown in Tables 9.1 and 9.2, respectively. Some KDS samples kindly provided by 
Alfredo Camacho and David Ellis were also analysed for REE and Sm-Nd isotopes. 
Analytical procedures are listed in Appendix 5. 
9.3 CHARACTERISTICS OF THE STUART AND KULGERA DYKE 
SWARMS 
Both the SDS and KDS are dominantly olivine normative, high-Mg tholeiites, 
although the KDS appears to be more fractionated than the SDS (e.g. Appendix 2; Table 
9.3; Zhao et al., 1992). They are characterised by high Mg#, Cr, Ni, Sc, Cu, Ba, Sr, 
Zr/Nb, La/Nb and Ba/Nb and low Zr, Ti, Nb (0.5 - 3 ppm), Y, P, Zr/Y, Ti/V and Ti/Sc, 
typical of island arc basalts forming in subduction regimes and distinctive from basalts 
from other tectonic settings (Tables 9.2 and 9.3). Their MORB-normalized spiderdiagram 
patterns (Fig. 9.1) show strong depletion in HFS and HREE elements and selective 
enrichment in LIL elements relative to average MORB, resembling low-K oceanic arc 
tholeiites (Pearce, 1983). Some samples show slight but variable enrichment in LREE, 
transitional to oceanic calcalkaline basalts (Pearce, 1983). Note that all the patterns 
display a distinctive negative Nb anomaly. The two dyke swarms also show distinctive 
REE patterns (Fig. 9.2). The SDS is characterised by large variations in La/Sm ratios 
and positive slopes in HREE, typical of boninites (Hickey & Frey, 1982). The KDS 
displays relatively more uniform REE patterns with slight but still variable LREE 
enrichments and distinctive positive Eu anomalies. The geochemical and isotopic 
signatures of the SDS and KDS are to varying degrees similar to those of many other 
continental dyke swarms, such as the Tasmania dolerites (Hergt et al., 1991), the 
Proterozoic Scourie dyke swarm of Scotland (Tarney & Weaver, 1987;), and the high-
Mg dolerites of the eastern Antarctica (Sheraton & Black, 1981; Sheraton et al., 1990). 
e.g. all these suites display pronounced depletion in HFS elements, especially Nb and 
enriched Nd isotopic signatures. Pearce (1983) and McCulloch and Gamble (1991) 
interpreted the above geochemical features in terms of metasomatism of mantle wedge by 
LIL-rich fluids or LIL- and LREE-rich melts derived by dehydration of the subduction 
slab. A similar two-component-mixing model has been proposed by Hickey and Frey 
(1982) for the origin of V-shaped REE patterns typical of boninites, which are observed 
in the SDS (Fig. 9.2). 
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In this study, 6 whole-rock samples from the SDS and 7 from the KDS were 
analysed for Sm-Nd isotopic compositions and the data presented in Table 9.1. Both 
groups of samples yield a wide range of ENct(T) values (T here refers to the crystallization 
age). e.g. - 9.9 to + 1.0 for the SDS, and -2.9 to +2.0 for the KDS, which are 
significantly correlated with l/Nd and La/Sm ratios (Fig. 9.3b). An unexpected finding 
is that whole-rock (WR) samples collected over a large area define significantly older 
whole-rock isochron ages (Fig. 9.3a). The WR isochron for the SDS gives an age of 
1853 ± 189 Ma with an initial ratio of 0.51004 ± 21 (E~R = -4.2 ± 4.2) and MSWD = 
6.32, with the KDS WR isochron corresponding to an age of 1589 ± 165 Ma and an 
initial ratio of 0.51068 ± 18 (E ~R = + 1.7 ± 3.6). These WR isochron ages are 
surprisingly coincident with the oldest U-Pb zircon ages obtained from the basement 
blocks, respectively. Moreover, the initial E~ values are also within the ranges found 
in rocks occurring in the basement blocks, respectively. For example, the Atnarpa 
Igneous Complex occurring in the southeastern Arunta Inlier yields U-Pb zircon ages of 
1870-18 80 Ma (Zhao and Cooper, 1992) and initial EN ct values of ca. -4 (Appendix 4), 
similar to the Sm-Nd isochron age and initial ENct value of the SDS. 
9.4 ASSESSMENT OF CRUST AL CONTAMINATION 
The above geochemical and isotopic features may have been attributed to mantle-
deri ved magmas being contaminated by crustal material (e.g. Campbell & Griffiths, 
1990). However, close examinations suggest that this is not the case. For example, 
crustal contamination cannot account for the significantly low Si02 (average 47.8%), Zr 
(average 55 ppm), Nb (average 1.1 ppm), TiN (16) and Zr/Y (~2.3), and high MgO 
(11.4%), Zr/Nb (average 48) and La/Nb (average 6.15), as observed in the SDS (Tables 
9.2 and 9.3). Zr, Nb, Y, Ti/V and Zr/Y are significantly higher in any possible crustal 
contaminants as well as any other types of mantle-derived basaltic magmas except those 
in island-arc settings, and thus crustal contamination of a mantle-derived magma would 
result in much higher values than observed. 
In addition, it must be emphasized that the correlation between ENct(T), and l/Nd 
and La/Sm (Fig. 9.3b) as well as the WR isochrons (Fig. 9.3a) strongly suggests the 
origin of the dykes is consistent ONLY with a two-component, simple mixing process. 
If more than two component mixing or complex mixing processes (e.g. AFC process) are 
involved, none of the above correlations would be expected to hold. Therefore, if crustal 
contamination did occur, ONLY one type of crustal contaminant is allowed. This is 
considered, however, to be extremely unlikely due to the remarkable heterogeneity in 
crustal rocks. e.g. the SDS intrudes a crustal profile which consists of rocks with 
ENct0076 Ma) ranging from +6.4 to -14.8 and Nd from 5 to 45 ppm. Moreover, the large 
variations in ENct (T) as observed in both the SDS and KDS (Fig. 9.3; Table 9.1) are not 
consistent with crustal contamination, either, as up to 50-100% contaminant would be 
TABLE 9.1: REE and Sm-Nd isotopic data (by isotope dilution) for samples of the Stuart and Kulgera Dyke Swanns, 
central Australia. REE concentrations in ppm. T = 1080 Ma in £Nd(T) refers to the crystallization age of the dyke swarms 
given in Table 8.2. Errors in Nd isotopic ratios are 2cr. n.d. denotes not determined. Nd isotopic ratios and ENct value 
calculation as for Appendix 4. 
No. Sample La Ce Ni Sm Eu GI Dy Er Yb Lu 147sm;I44Nct 143Nd/144Nct ENd(1) 
Stuart Dyke Swarm, Arunta Inlier 
1 89-474 5.62 11.79 6.22 1.61 0.58 2.17 2.77 1.89 1.84 n.d. 0.1571 0.512039±8 -6.46 
2 89-475 4.50 9.50 6.05 1.87 0.74 2.77 3.58 2.42 2.37 n.d. 0.1903 0.512343±6 -5.11 
3 89-506 6.44 13.74 7.82 1.96 0.77 2.54 3.03 1.94 1.82 n.d. 0.1559 0.5119595±7 -7.85 
4 91-526 6.54 16.33 6.83 1.77 0.64 2.49 3.38 2.39 2.41 0.362 0.1568 0.511864±10 -9.83 
5 91-546 9.20 19.60 9.11 2.11 0.69 2.71 3.72 2.66 2.56 n.d. 0.1397 0.511742±6 -9.85 
6 91-550 2.37 5.89 4.81 1.95 0.80 3.19 4.38 3.02 2.85 0.407 0.2447 0.513039±10 0.97 
KulgeraDyke Swarm, Musgrave Inlier 
7 85-376 37.52 87.09 44.09 9.13 2.07 8.07 7.21 4.17 3.90 0.132 0.1251 0.51199±6 -3.01 
8 MUG23 3.64 8.87 6.43 2.02 0.89 2.67 3.18 2.03 1.92 0.289 0.1899 0.512701±7 1.94 
9 MUG32 6.51 14.62 8.71 2.31 0.91 2.78 3.13 1.94 1.82 0.273 0.1604 0.512337±5 -1.10 
10 KDS-15 4.02 9.87 6.34 1.80 0.71 2.21 2.69 1.72 1.65 0.252 0.1711 0.512495±7 0.50 
11 KDS-19 2.45 n.d. 3.88 1.25 0.58 1.77 2.16 1.42 1.33 0.202 0.1953 0.512678±10 0.74 
12 KDS-30 4.40 10.43 6.40 1.78 0.69 2.24 2.66 1.68 1.58 0.236 0.1679 0.512453±7 0.12 
13 I-3 2.65 6.15 4.45 1.36 0.65 1.87 2.15 1.35 1.27 0.191 0.1852 0.512611±9 0.82 
Samples 1-6 were collected by myself and the localities listed in Appendix 1. Sample 7 was collected by Maboko (1987) 
from the Amata area, central Musgrave Inlier (26°1l.4'S/131°14.8'E). Samples 8-9 were provided by David Ellis which 
were collected from the same area as sample 7. Samples 10-13 were provided by Alfredo Camacho, which were collected 
from the Kulgera area of eastern Musgrave Inlier, and their localities are 26.00°S/132.96°E, 26.00°S/132.96°E, 
25.83°S/133.47°E, and 25.84°S/133.39'E, respectively. ....... N 
N 
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TABLE 9.2: Sparksource analyses for selected samples of the Stuart (SDS) and 
Kulgera (KDS) Dyke Swarms in central Australia. All elments in ppm. 
SDS SDS SDS SDS SDS KDS KDS 
89-474 89-475 89-506 91-546 91-550 MUG23 KDS30 
Rb 23 27 4 6 7 
Sr 113 139 64 178 197 
y 15 21.1 16 23.5 20.5 16.8 22.l 
ZI 37 47 61 55 37 47 67 
Nb 0.608 1.13 0.93 1.9 0.82 1.68 2.37 
Sn 0.63 0.66 0.63 0.80 0.94 
Cs 5.85 14.8 1.53 0.254 1.52 
Ba 152 145 197 267 55 196 277 
La 5.64 4.73 8.81 9.67 2.24 5.82 4.83 
Ce 11.86 10.9 20.67 21.2 5.61 13.2 12.5 
Pr 1.46 1.31 2.46 2.17 0.753 1.64 1.51 
N:l 6.56 6.88 11.2 8.21 4.39 7.61 7.93 
Sm 1.68 2.01 2.64 1.83 1.69 1.96 2.35 
Eu 0.58 0.76 0.92 0.62 0.681 0.755 1.05 
QI 2.32 2.89 3.3 2.28 2.46 2.7 3.07 
Th 0.405 0.608 0.6 0.52 
Dy 2.92 3.97 3.95 3.61 3.52 2.86 3.62 
Ho 0.676 0.873 0.86 0.702 0.781 0.575 0.748 
Er 2.05 2.64 2.59 2.1 2.42 1.63 2.15 
Yb 1.84 2.57 2.4 2.28 2.39 1.62 2.22 
Hf 1.06 1.16 1.66 1.19 0.868 1.05 1.4 
w 0.13 0.19 0.13 0.11 0.18 
Pb 1.2 1.65 1.6 3.6 0.64 1.9 8.4 
Th 0.59 0.462 0.63 1.24 0.096 0.16 0.086 
u 0.049 0.656 0.094 0.052 
La/Nb 9.28 4.19 9.47 5.09 2.73 3.46 2.04 
Zr/Nb 60.86 41.59 65.59 28.95 45.12 27.98 28.27 
Zr/Y 2.47 2.23 3.81 2.34 1.80 2.80 3.03 
Zr/Hf 34.91 40.52 36.75 46.22 42.63 44.76 47.86 
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TABLE 9.3: Major and trace elment data for the Stuart (after Appendix 2) and Kulgera 
(after Camacho et al., 1990) Dyke Swarms. Data for basalts forming in different tectonic 
environments are also shown for comparison (after Condie, 1985). NMORB, N-type 
mid-ocean ridge basalt; OIT, ocean island tholeiite; CAB, calcalkaline basalt; !AT, island 
arc basalt. Figures in parentheses refer to the total number of analyses used for averages. 
FeO for NMORB, OIT, CAB and JAB as total iron. SDS - Stuart Dyke Swarm; KDS -
Kulgera Dyke Swarm; min - minimum; max - maximum. 
SDS (17) KDS (4) NM ORB OIT CAB IAB 
max min Average Average 
Major elements (wt%) 
Si02 47.80 45.35 46.34 48.72 51.5 50.5 51.6 51.7 
Ti Qi 0.93 0.47 0.66 1.03 1.6 2.2 1.0 0.85 
Al203 16.86 13.21 14.92 15.65 16.2 16.0 17.4 17.5 
Fe203 3.99 2.60 3.47 3.33 
FeO 8.17 6.57 7.14 7.40 8.8 9.8 9.1 9.4 
MnO 0.16 0.14 0.16 0.21 0.18 0.18 0.18 0.18 
MgO 14.60 7.82 11.41 8.57 6.5 7.2 6.8 7.0 
Cao 12.03 9.58 10.36 10.79 11.9 9.8 9.7 10.2 
Na20 2.04 1.29 1.72 2.34 3.0 3.1 2.7 2.6 
K10 0.58 0.15 0.53 0.44 0.12 0.90 1.20 0.49 
P205 0.11 0.06 0.09 0.12 0.16 0.30 0.30 0.09 
Trace elements (ppm) 
Ba 223 45 162 252 12 315 350 125 
Ce 20 7 13 8 
Cr 1380 323 700 239 225 220 100 145 
Cu 158 99 136 126 80 46 80 90 
Nb 4 <2 n/a 1.5 3 15 5 2 
Ni 665 138 408 182 80 100 50 30 
Rb 44 5 33 6 1 15 20 8 
Sr 237 82 149 288 130 275 525 260 
y 30 19 24 17 33 40 25 21 
Zr 80 42 55 35 110 150 140 55 
Elemental ratios 
Mg# 79 66 73 67 60 60 60 60 
Ti/Zr 91 67 73 191 87 88 43 93 
Ti/Y 197 148 162 379 291 330 240 243 
Zr/Y 2.75 1.72 2.26 2.04 3.33 3.75 5.60 2.62 
K/Rb 270 109 169 664 996 498 498 508 
Al203{fi02 28.11 16.97 23.38 15.71 10.13 7.27 17.40 20.59 
CaO{fi02 22.28 12.27 16.28 10.88 7.44 4.45 9.70 12.00 
TiN 19.98 12.09 16.37 25.16 34.88 54.95 26.53 20.14 
Rb/Sr 0.31 0.03 0.23 0.02 0.01 0.05 0.04 0.03 
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Figure 9.1: MORE-normalised spiderdiagram for the Stuart and Kulgera Dyke 
Swarms. Th, Nb, Ce, P, Zr, Hf, Sm, Y and Yb were measured by the spark source 
mass spectrometry and the rest by XRF. Shaded area outlines field of the oceanic 
arc tholeiites of Pearce ( 1983 ). Normalised values after Pearce ( 1983 ). 
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required to account for these variations. For example, the ENct (1076 Ma) values for the 
Southern Arunta gneisses range from -2.7 to -14.8, with an average of -9.4, overlapping 
the range observed in the SDS. The ENct (1090 Ma) values obtained from the Musgrave 
rocks range from -0.3 to -6.2, with an average of -3.5, overlapping the range obtained 
for the KDS (-2.9 to +2.0). 
9.5 ORIGIN OF THE DYKES - EVIDENCE FOR MELTING OF 
SUBDUCTION-MODIFIED CLM 
The observed geochemical and isotopic signatures are best explained in terms of 
partial melting of a chemically refractory, subduction-modified, CLM, which has been 
isolated and isotopically evolved for several hundred million years before partial melting. 
The isotopic evolution of such a CLM and the tectonic processes responsible for 
the formation and subsequent partial melting of the CLM are illustrated in Figs. 9.4 and 
9.5 respectively. It is proposed that, during the episodes of crustal formation in the 
Arunta and Musgrave Inliers in the Early-mid Proterozoic, chemically depleted 
asthenospheric mantle wedges or preexisting CLM under each inlier were metasomatised 
by subduction slab-derived components. Evidence for such subduction processes being 
in operation around the SE margin of the Arunta Inlier has been discussed and 
documented in previous chapters. Interaction and mixing of the wedge and slab 
components would have produced a series of mixtures with different Sm/Nd ratios, 
which are correlated with the proportions of the incorporated slab-component. 
Meanwhile, as a consequence of fluid-transport processes, Nd is isotopically 
homogenised. This isotopic equilibration process is analogous to isotopic resetting in the 
mineral assemblage of a rock during metamorphism and fluid interaction, in which the 
isotopic ratios in individual mineral phases (e.g. 143Ndfl44Nd) were reset whilst the trace 
element patterns (e.g. Sm/Nd ratio) are retained. Isotopic equilibration has been found 
among mineral phases of metasomatised lherzolite xenoliths despite their different Sm/Nd 
ratios (Griffin et al., 1988; McDonough & McCulloch, 1987). Rb/Sr, Sm/Nd and U/Pb 
fractionation and Sr-Nd-Pb isotopic equilibration on whole-rock scale during mantle 
metasomatism have also been reported by Hawkesworth et al. (1990). The isotopic 
equilibration is considered to be caused by the mantle temperature rising above the 
closing temperature of the mineral phases or/and enhanced by intensive fluid circulation. 
Such conditions may have been optimised during episodes of mantle melting and crustal 
formation when mantle temperature was elevated and fluid flux increased. Moreover, as 
it is likely that trace elements provided by the metasomatic fluids/melts are retained in 
specific equilibration mineral assemblages (e.g. amphibole, phlogopite and 
clinopyroxene) (O'Reilly et al., 1991), Sm/Nd and Rb/Sr fractionation is controlled by 
mineraVfluid Kd values of these phases. Therefore different proportions of these phases 
present in domains of the mantle would result in different Sm/Nd ratios in these domains. 
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Figure 9.4: Schematic diagram illustrating Sm-Nd isotopic evolution of the Stuart and 
Kulgera Dyke Swarm in central Australia. CLM - continental lithospheric mantle; PAAS -
post-Archean Australian Shale of McLennan & Taylor (1983) taken as the model subduction 
component in this study. See text for discussion. 
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Figure 9.5: Cartoon illustrating formation, evolution and subsequent partial melting of the 
continental lithospheric mantle (CLM) underlying the Arunta and Musgrave Inliers and 
production of Stuart (SDS) and Kulgera (KDS) Dyke Swarms. See text for discussion. 
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From Appendix 10, it has been concluded that the depleted mantle wedge 
underlying the southern Arunta Inlier contains 0.5-1 ppm Nd and has an ENctCl 850 Ma) 
value of +4. If assuming the slab-derived component contains 32 ppm Nd and has an 
ENct(l850 Ma) value of -12, similar to the average post-Archaean Australian Shale 
(PAAS) of McLennan and Taylor (1983) (Fig. 9.4), then addition of 1.6 to 3.1 % slab 
component to the wedge would be capable of reducing the ENd value of the wedge from 
+4 to -4. In fact, if the mantle component is the preexisting refractory lithosphere with a 
lower ENct(1850 Ma) value than the asthenosphere, or if the slab-component (in the form 
of melt) contains higher Nd, the amount of slab component required to reduce the 
ENct(1850 Ma) down to-4 would be even smaller. Such a small amount of slab-derived 
LIL- and LREE-enriched component will play an important role in modifying the trace 
element patterns in the mantle wedge whereas the modal mineralogy remains little 
affected. 
After subduction ceased, the metasomatised mantle was underplated to the 
overlying continental crust and hence isolated from the convective asthenosphere. The 
portions with higher Sm/Nd ratios will evolve to higher ENd values with time, whilst 
those with lower Sm/Nd ratios, to lower ENd ratios. Ultimately, domains in the CLM with 
a range of ENct(T) values would be produced. Partial melting of these isotopically evolved 
CLM domains under each inlier following a post-orogenic thermal event during the Late 
Proterozoic would be capable of producing the chemical and isotopic variations as 
observed in both the SDS and KDS (Fig. 9.4). 
In fact, many Precambrian dykes show geochemical characteristics reflecting the 
nature of the CLM within a few hundred million years of its formation (Tarney and 
Weaver, 1987). e.g. Tarney and Weaver (1987) considered that the Scourie dyke 
swarm, Scotland was derived from the CLM which had been enriched in LIL and LREE 
components at the time of the formation of the Lewisian Complex at 2.92 Ga, some 500 
Ma before emplacement of the dykes. Sheraton et al. (1990), Sheraton and Black 
(1981 ), and Collerson and Sheraton (1986) argued that some Late Proterozoic dykes in 
the Bunger Hill and Napier Complex of Eastern Antarctica contain evidence which 
suggests metasomatism of the source back to the Late Archean or Early Proterozoic, 
contemporaneous with continental crust formation in the area. Similar observations have 
also been obtained from the Phanerozoic Tasmania dolerites (Hergt et al., 1991) and 
Karoo picrites (Ellam and Cox, 1989). e.g. Ellam and Cox (1989) obtained a well-
defined Proterozoic Sm-Nd isochron from the Mesozoic Karoo picrites, which they 
interpreted as corresponding to the last episode of Sm-Nd fractionation in the lithospheric 
source. 
Whilst this study demonstrates strong evidence that the SDS and KDS have 
recorded fingerprints from their respective CLM sources, it is as yet unclear what process 
has caused partial melting of the relatively refractory CLM. Considering the distinctive 
geochemical features such as high MgO and low Zr, Ti and Nb, the partial melting may 
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have occurred at high temperatures at a depth above the garnet stability field and require 
large inputs of thermal energy. However, the melting temperature may be significantly 
lower if the CLM is wet (e.g. Gallagher and Hawkesworth, 1992). Stretching and 
thinning of the CLM allow hot asthenospheric mantle material to flow beneath the CLM 
and may cause decompressional melting of the CLM. Alternatively, underplating of 
refractory mantle diapirs or anomalously hot mantle plumes may cause thermal 
breakdown of hornblende and phlogopite in the CLM which may in turn facilitate 
dehydration melting of the CLM itself (Tamey & Weaver, 1987; Gallagher and 
Hawkesworth, 1992). Model calculation by Gallagher and Hawkesworth (1992) 
suggests that, in the presence of -0.4% water, the amounts of melt as observed from 
modem continental flood basalt provinces may be generated entirely within the CLM. 
9.6 IMPLICATIONS FOR THE ORIGIN OF THE CONTINENTAL 
LITHOSPHERE 
This study demonstrates that the CLM can undergo partial melting to produce 
some continental tholeiitic magmas as a result of post-orogenic thermal events in the 
mantle. Although the heat source is yet to be fully evaluated, it is noted that subduction-
related metasomatism in the CLM may have played an important role in depressing the 
solidus temperature of the CLM, making it easier to melt than previously thought. The 
paucity of subduction-modified CLM xenoliths in the large-volume continental tholeiitic 
provinces may reflect relatively lower melting temperatures of this type of CLM than the 
expected values based on dry conditions. 
The age and Nd isotopic signature of the CLM are remarkably similar to those of 
the overlying continental crust, suggesting that the formation and final stabilisation of the 
CLM are directly related to the time of major crustal formation events in the region. In 
this case, this study supports the argument that the CLM is formed as a direct 
consequence of extraction of crustal material from the mantle. 
As discussed in previous chapters, although it has been well accepted that lateral 
accretion through continental margin subduction is a dominant process for continental 
growth in the Phanerozoic, its applicability to crustal formation in the Precambrian 
remains controversial (e.g. Hoffman, 1988; Etheridge et al., 1987). This study indicates 
that the Precambrian CLM has been modified by subduction processes closely associated 
with periods of major crust formation events. This provides further support for the view 
that subduction is the dominant process responsible for continental growth and evolution 
throughout the Proterozoic. The common presence of Nb depletion in the continental 
crust and continental basalts irrespective of age and its exclusive absence in the oceanic 
crust suggest that the continental crust and large parts of the underlying CLM must have 
been formed by subduction (Ellis, 1992). 
The above conclusions are at variance with those of McDonough (1990) from 
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studies of mantle xenoliths. Based on his compilation of xenolith data from alkali 
basalts, McDonough (1990) concluded that (1) incompatible element enrichment in the 
entire CLM has occurred under rift-related intraplate and/or divergent-margin, rather than 
subduction-related convergent-margin tectonic settings and (2) CFBs and continental 
dyke swarms cannot be derived from partial melting of the CLM and therefore HFS 
element depletion observed in these suites must be due to crustal contamination. The 
apparent conflict is largely a sampling or survival problem. Xenoliths brought to the 
Earth's surface by alkali basalts probably reflect the composition of the more refractory 
parts of the CLM. In contrast, the subduction-modified portions of the CLM are 
probably extracted by the first large-scale melting event that effects stabilised CLM. Thus 
the probability of ancient subduction-modified CLM still being preserved and available 
for sampling by xenoliths may not be large. It is suggested that modification of the CLM 
by subduction-zone processes, especially in its early stages of formation is an important 
process. Furthermore subduction-modified CLM is an essential component in the 
sources of the low-Ti CFBs. This study indicates that care must be taken in extrapolating 
limited xenolith data brought to the surface by alkali basalts to the whole CLM. 
9.7 SUMMARY AND CONCLUSIONS 
In order to evaluate the nature of the continental lithospheric mantle (CLM) and its 
role in continental volcanism, geochemical and Nd isotopic studies were undertaken for 
the post-orogenic, Late Proterozoic (1083 ± 23 Ma), high-Mg tholeiitic dyke swarms 
(Stuart and Kulgera Dyke Swarms), which intrude the Arunta and Musgrave Inliers of 
central Australia, respectively. The two inliers represent two distinctive orogenic 
provinces with different crustal formation ages, reflecting initial difference in the age and 
origin of their respective underlying CLMs. Therefore, if the dykes were derived from 
the CLM, fingerprints of geochemical and isotopic signatures of the respective CLMs 
should be observed in the dykes. 
Both dyke swarms resemble island arc tholeiites in terms of geochemical features 
and define whole-rock (WR) isochron ages of 1853 ± 189 Ma with initial £Nd = -4.2 ± 
4.2 (Stuart swarm) and 1589 ± 165 Ma with initial £Nd = + 1.7 ± 3.6 Ma (Kulgera 
swarm), respectively. The two WR isochron ages and initial £Nd values are remarkably 
similar to oldest U-Pb zircon ages and initial £Nd values obtained in each basement 
block, respectively, and are interpreted as recording Sm-Nd fractionation events in the 
respective underlying CLMs. Combined geochemical and Nd isotopic constraints 
suggest that the dyke swarms were derived by partial melting of the CLM, which has 
been modified by subduction processes during major crustal formation events of each 
basement block during the Early-mid Proterozoic. 
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CHAPTER 10. THE 800 Ma PLUME-RELATED MAFIC 
PROVINCE: IMPLICATIONS FOR BASIN FORMATION IN 
CENTRAL-SOUTHERN AUSTRALIA 
Statement: Similar to the case in Chapter 9, a paper coauthored by Zhao, McCulloch 
and Korsch , derived from the present work, has been accepted for publication in Earth 
and Planetary Science Letters. This Chapter represents a slightly modified and amplified 
version (with some additional data included) of the submitted paper. In order to avoid 
repetition, the paper will not be shown in the Appendices. Apart from the XRF data, all 
the other analytical results are my own and the paper drafted by me. The role of the 
coauthors includes sharing of ideas, helpful discussions, or/and provision of additional 
samples and XRF data. 
10.1 INTRODUCTION 
There are essentially two mam classes of mechanisms considered to be 
responsible for basin formation: extension by crustal thinning followed by thermal 
relaxation (cooling and loading) (McKenzie, 1978; Dewey, 1982); and subsidence 
induced by crustal thrusting and shortening (Jordan, 1981; Lambeck, 1984). The two 
types of basins can be referred to as stretching and shortening basins, respectively 
(Dewey, 1982). Moreover, there are two types of stretching basins, one formed by 
differential stresses in the lithosphere (passive rifting) and the other induced by 
asthenosphere or deep mantle plume upwelling (active rifting) (Keen, 1985). In case of 
active rifting, tectonism starts with a domal uplift caused by upwelling of a mantle plume 
(normally > 1000 km in diameter), sudden onset of continental flood basalt volcanism, 
followed by thermal subsidence and formation of depositional basins over a broad area 
(Keen, 1985; Campbell and Griffiths, 1990). Mantle plumes are considered to have 
played an important role in continental volcanism and the initiation of intracratonic and 
marginal basins, as well as continental breakup during Earth history (Campbell and 
Griffiths, 1990). 
There is no consensus regarding the mechanisms responsible for the formation of 
intracratonic basins (Adelaide Geosyncline, Amadeus, Officer, Ngalia and Georgina 
Basins; Fig. 10.1) in central-southern Australia, with both stretching and shortening 
models being proposed (e.g. von der Borch, 1980; Lindsay et al., 1987; Lambeck, 
1984). More recent work (e.g. Lindsay and Korsch, 1991; Shaw, 1991) has indicated 
that both stretching and shortening events operated at different times and that the basins 
had a complex evolution history. Neither model can fully explain the observations 
obtained from the basins. Regardless of this debate, it has been suggested by a number 
of workers that there may be a close relationship between the mafic dyke swarms and 
134 
Figure 10.1: Top: Map illustrating distribution of basement blocks, sedimentary 
basins, mafic dyke swarms, and volcanics and sample localities. SDS - Stuart Dyke 
Swarm; KDS - Kulgera Dyke Swarm; WV - Wooltana Volcanics; BV - Beda Volcanics. 
Map edited after Parker et al. (1987) and Boyd & Tucker (1990). Bottom: 
Chronostratigraphic correlations among the Amadeus Basin, Musgrave Inlier and 
Adelaide Geosyncline. BSF - Bitter Springs Formation; BSV - Bitter Springs volcanics; 
AS - Amata Suite; GDS - Gairdner Dyke Swarm; CG - Callanna Group, WVP -
Willouran volcanic province including the Beda, Wooltana and Noranda Volcanics and 
their correlatives; RT -Rook Tuff. The Callanna and Burra Groups in the Adelaide 
Geosyncline unconformably overlie the Gawler Craton as well as the GDS (802-867 Ma) 
and are unconformably overlain by the Sturt Tillites (>750 Ma). The probably equivalent 
Heavitree Quartzite and Bitter Springs Formation unconformably overlie the Arunta Inlier 
as well as the SDS (1076 Ma) and are unconformably overlain by the Areyonga tillites, 
being strongly correlated with the Sturt Tillites. Note that the Amadeus Basin also 
unconformably overlie the Musgrave Inlier on its southern margin. See text for 
discussion. 
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large scale intracratonic crustal extension and basin formation in central Australia (e.g. 
Parker et al., 1987; Lindsay et al., 1987). 
In Chapter 8 and Appendix 11, it has been demonstrated that the mafic dyke 
swarms were intruded during two distinct periods, 1076-1090 Ma for the the Stuart Dyke 
Swarm (SDS) and Kulgera Dyke Swann (KDS), and -800 Ma for the Gairdner Dyke 
Swarm (GDS) and the Amata Suite. This raises the question how these two groups of 
temporally distinct dyke swarms may be related to the formation and evolution of the 
intracratonic sedimentary basins. In this chapter, geochemical and Nd isotopic data of the 
800 Ma old GDS and Amata Suite and their possible correlatives will be discussed in an 
attempt to put constraints on the origin of the 800 Ma suites and their relationships with 
the intracratonic basins in the region. It will be shown that the study of these Late 
Proterozoic dyke swarms and related volcanics may provide some insights into 
mechanisms responsible for initiation and evolution of sedimentary basins in the region. 
In this study, 3 core samples from the Gairdner Dyke Swarm (GDS) occurring in 
the Stuart Shelf, 4 samples from the Amata Suite intruding the Musgrave Inlier and 3 
from the Bitter Springs Volcanics (BSV) occurring at the base of Amadeus Basin, were 
selected for REE and Sm-Nd isotopic analysis using the isotope dilution method and the 
results are presented in Table 10.1. XRF data for the GDS, BSV, and Wooltana and 
Beda Volcanics are shown in Table 10.2. No XRF data are yet available for the Amata 
Suite and the 4 samples still in the process for XRF analysis at the BMR by Russell 
Korsch. However, two of the Amata samples were analysed for trace elements by 
sparksource mass spectrometry and the results are given in Table 10.3. Analytical 
procedures are given in Appendix 5. 
10.2 THE SEDIMENTARY BASINS 
The Adelaide Geosyncline, and the Amadeus, Officer, Ngalia and Georgina 
Basins (Fig. 10.1) were formed during the Late Proterozoic following the cratonization of 
Early-mid Proterozoic to Late Archean basement blocks (Plumb, 1985), most likely as a 
single giant basin, referred to by M.R. Walter (pers. comm.) as the Centralian Basin. 
The Adelaide Geosyncline of South Australia contains an extremely thick late 
Proterozoic to middle Cambrian succession deposited initially in NW-trending rift troughs 
and later in broad zones of regional subsidence, following the eruption of voluminous 
volcanics (Preiss, 1987, 1990). Von der Borch (1980) pointed out that the Adelaide 
Geosyncline shows many stratigraphic, geophysical and tectonic similarities with passive 
continental margins in its southern portion and with intracratonic rifts or aulacogens in its 
northern portion. He proposed that the unconformable Precambrian-Cambrian boundary 
is analogous to the so-called "breakup unconformity", implying the initial stage of oceanic 
crust accretion. MORB-type mafic dykes and volcanics of Cambrian age in the 
Kanmantoo Trough (Liu and Fleming, 1990) and Victoria (Crawford et al., 1984) 
TABLE 10: 1: REE and Sm-Nd isotopic analyses for samples of the -800 Ma mafic suites in central-southern Australia. GDS - Gairdner Dyke 
Swarm, BSV - Bitter Springs Volcanics. Nd isotopic ratios and ENct(T) calculations as for Appendix 4. T = 800 Ma, the crystallization age of the 
mafic suites. REE abundances were measured using isotope dilution method and are in ppm. n.d. - not determined. 
No. Sample La Ce NI Sm Eu GI Dy Er Yb Lu 147sm;144Nct 143Nct/144Nd £Nd(l) 
±2cr 
Gairdner Dyke Swarm, South Australia 
1 6136 RS 6 6.50 16.50 11.43 3.28 1.18 3.95 4.09 2.35 2.09 0.300 0.17341 0.512726±5 3.86 
2 6137 RS 28 6.61 17.16 11.85 3.42 1.24 4.05 4.20 2.39 2.11 0.295 0.17435 0.512744±7 4.12 
3 6335 RS 25 9.41 24.43 16.89 4.77 1.64 5.58 5.62 3.18 2.80 0.361 0.17097 0.512693±7 3.47 
Amata Suite, Musgrave Inlier 
4 87-497 7.86 20.05 13.96 3.99 1.38 4.63 4.79 2.71 2.40 0.350 0.17164 0.512738±13 4.27 
5 87-504 10.29 24.48 15.99 4.37 1.50 5.08 5.11 2.88 2.47 0.356 0.16528 0.512610±9 2.43 
6 MUG39 6.16 15.76 11.17 3.24 1.17 3.89 4.05 2.31 2.04 0.297 0.17531 0.512755±6 4.23 
7 KDS-2 7.15 18.31 12.53 3.56 1.24 4.23 4.41 2.55 2.26 0.332 0.17191 0.512736±5 4.21 
Bitter Springs Volcanics, Amadeus Basin 
8 AS-28 8.61 n.d. 13.57 3.66 1.17 4.13 4.32 2.51 2.25 0.328 0.16296 0.512464±8 -0.18 
9 AS-240 8.23 n.d. 13.15 3.60 1.37 4.27 4.11 2.28 1.97 0.285 0.16563 0.512661±7 3.39 
10 AS-587 6.31 15.77 11.29 3.21 0.99 3.74 3.95 2.30 2.04 0.293 0.17202 0.512701±7 3.51 
Samples 1-3 were provided by John Parker (SADME), which were collected from drillholes Aquitaine SSR 1001, 411.0 mm (30°50'32"S, 
136°21'55"), Reedy Lagoon RLl, 649.1m(30°19'11"S,136°4'16"E) and CSR LY3, 240.0 m (Mt Gunson, 31°25'48"S/137°6'0"E), respectively. 
Samples 4-5 were collected by Maboko (1987) and sample 6 by David Ellis and their localities given in Appendix 11. Sample 7 was provided by 
Alfredo Camacho and is located at 20.00°S and 132.32°E. Samples 8-10 were provided by Russell Korsch (BMR) and their localities are 25.23°S / 
131.51°E, 23.75°S/134. ll 0 E, 23.84°S/135.16°E, respectively. ....... 
w 
-...J 
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TABLE 10.2: Average major and trace element data for the Gairdner Dyke Swann 
(ODS), Beda Volcanics (BV), Wooltana Volcanics (WV) and Bitter Springs volcanics 
(BSV) in central-southern Australia. GDS and BV data after Woodget (1987), WV data 
after Crawford and Hilyard (1990) and BSV data were provided by Russell Korsh 
(BMR). All major elements are normalized to total = 100% and volatile free. FeO* as 
total iron. 
Unit GDS BV WV BSV 
Number of data 21 17 18 3 
Major elements (wt%) 
Si Qi 51.96 50.47 50.35 49.67 
Ti Qi 2.06 1.80 1.52 1.68 
A1i03 14.81 14.25 14.54 14.81 
FeO* 12.27 12.72 13.07 13.71 
MnO 0.39 0.22 0.36 0.15 
MgO 6.16 7.98 9.19 8.13 
eao 9.58 6.81 6.04 8.24 
Na20 2.24 4.08 3.18 3.23 
K10 0.36 1.51 1.62 1.06 
P205 0.25 0.16 0.13 0.16 
Trace elements (ppm) 
Cr 100 158 239 40 
Ni 86 98 87 
Sc 33 38 41 
v 358 305 322 
Cu 79 
Zn 76 
Ga 15 
Rb 12 78 56 10 
Ba 69 172 317 105 
Sr 181 138 145 150 
Nb 12 7 5 7 
ll 134 103 81 96 
y 24 27 23 22 
La 10 
Ce 31 30 
Nd 12 
a/Nb 11.5 14.9 17.8 14.4 
Ti!Zr 92 105 113 105 
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support the existence of fore-arcs and back-arc basins in the region, consistent with the 
proposal of von der Borch (1980). 
TABLE 10.3: Sparksource data for two samples of the Amata 
Suite, central Musgrave Inlier. 
MUG39 87-504 
Rb 6 9 
Sr 176 173 
y 22.9 30.3 
Zr 75 99 
Nb 5.13 7.62 
Sn 1.00 1.40 
Cs 0.076 0.282 
Ba 53 134 
La 6.38 10.7 
Ce 16.8 25.7 
Pr 2.47 3.5 
Nd 11.9 16.5 
Sm 3.22 4.76 
Eu 1.18 1.55 
Gd 3.56 5.31 
Th 0.619 
Dy 3.89 5.26 
Ho 0.807 1.04 
Er 2.22 2.76 
Yb 2.15 2.75 
Hf 2.13 2.94 
w 0.08 0.2 
Pb 1.2 5.6 
Th 0.568 1.13 
u 0.127 0.174 
La/Nb 1.24 1.40 
Zr/Nb 14.62 12.99 
Zr/Hf 35.21 33.67 
The Officer, Amadeus, Ngalia and Georgina basins of central Australia show 
essentially similar depositional patterns and a prolonged evolution history from late 
Proterozoic to late Palaeozoic (e.g. Preiss and Forbes, 1981; Shaw, 1991). Recent 
detailed investigations have been concentrated on the Amadeus Basin where the 
sedimentary succession has been well preserved. So far, there is no consensus regarding 
the mechanisms responsible for the basin formation. Rutland (1976) and Bozhkov 
(1986) proposed that the Amadeus Basin was analogous to an aulacogen formed by 
rifting, with the two main arms forming the western margin of the Tasman Orogen. 
Lindsay et al. (1987) and Lindsay and Korsch (1991), based on the passive rifting model 
of McKenzie (1978), suggested the Amadeus Basin formed as a result of two rifting 
events (at 900 Ma and 600 Ma, respectively) followed by a compressional event at ca. 
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400 Ma. In contrast to the above extensional models, compressional models, involving 
varying degrees of crustal warping and block faulting in response to long-lasting N-S 
compressional stress in the basement blocks, have been proposed by Lambeck (1984) 
and also Shaw et al. (1991), who however also acknowledged the importance of 
extension at some periods. 
Although the Proterozoic younger sequences, including the glacial sediments, are 
readily correlated between the Adelaide Geosyncline of South Australia and other basins 
in central Australia, there is no direct correlation in the older, pre-glaciation sequences 
(Preiss and Forbes, 1981). Possible correlations have been proposed between the Bitter 
Springs Formation in the Amadeus Basin and the Burra Group in the Adelaide 
Geosyncline (Fig. 10.1). However, the two types of basins are different in many 
aspects, for example, the rift valley of the Adelaide Geosyncline is generally NW-
trending whilst the Amadeus Basin is E-W trending. Voluminous volcanics are present at 
the base of the Adelaide Geosyncline, whereas no equivalents have been recognised in the 
Amadeus Basin except for minor volcanics in the Bitter Springs Formation. 
10.3 THE GAIRDNER DYKE SWARM (GDS) AND ITS VOLCANIC 
EQUIVALENTS IN SOUTH AUSTRALIA 
As described before, the GDS is a NW-trending mafic dyke swarm intruding the 
Gawler Craton and Stuart Shelf (Parker et al., 1987). Outcrops of the dykes are very 
poor, most of them being intercepted in drill holes. Aeromagnetic mapping of Tucker and 
Boyd (1987) and Boyd and Tucker (1990) indicates that the GDS is one of the largest 
dyke swarms in Australia, extending > 1000 km from southern Gawler Craton to NW 
Musgrave Inlier. Volcanics erupted at the base of the Adelaide Geosyncline include a 
number of suites such as the Beda Volcanics, the Wooltana Volcanics, the Noranda 
Volcanics, the Depot Creek Volcanics and several other minor units (Crawford and 
Hilyard, 1990; Woodget, 1987). The volcanics are considered by these authors to be 
comagmatic with the GDS being their feeders. 
Geochemical studies of the GDS and the equivalent volcanics have been carried 
out by Preiss (1987), Woodget (1987), Flint (1992) and Crawford and Hilyard (1990). 
They are tholeiitic and fall into the within plate basalt field on the Ti-Zr-Y and Zr/Y - Zr 
discrimination diagrams. Trace element and REE patterns of these suites remarkably 
resemble those of the continental flood basalts, such as the Karoo and Parana flood 
basalts (Crawford and Hilyard, 1990). The above suites were grouped by Crawford and 
Hilyard (1990) as the Willouran Basic Province which covers an area of at least 210 000 
km2, which is similar to the area occupied by the Columbia River flood basalt province. 
Three core samples of the GDS from different localities were analysed for REE 
concentrations and Sm-Nd isotopic compositions in this study (Table 10.1). Among 
them, samples RS 6 and RS 28 yield indistinguishable Sm-Nd internal isochron ages of 
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Figure 10.2: Chondrite-normalized REE patterns for samples of the Gairdner Dyke 
Swarm, the Amata Suite and the Bitter Springs Volcanics. Shaded area in the top 
figure outlines field of the Wooltana Volcanics of Crawford and Hilyard (1990). 
See text for discussion. 
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867±47 and 802±35 Ma (Appendix 11), respectively and are interpreted as the 
crystallization age of the dykes. All three samples have remarkably uniform REE patterns 
(Fig. 10.2) and Nd isotopic compositions (Table 10.1) characterised by LaNIYbN ratios 
of 2.1to2.3 and ENct (800 Ma) values of +3.5 to +4.1, which are very distinctive from 
those of the 1090 Ma old KDS [LaNIYbN = 1.2-6.5; ENct(800 Ma) = + 1.7 to -5.6] and the 
1076 Ma old SDS [LaNIYbN = 0.6-2.4; ENct(800 Ma)= +2.7 to -11.9] (Table 9.1). The 
REE patterns are identical to those of the Wooltana Volcanics of Crawford and Hilyard 
(1990), providing further confirmation that the GDS and the Wooltana volcanics are 
co magmatic. 
10.4 THE AMATA SUITE, MUSGRAVE INLIER 
Four samples from the Amata Suite were analysed for REE concentrations and Nd 
isotopic compositions, two of which yield Sm-Nd internal isochron ages of 790±40 and 
797±49 Ma, which are indistinguishable from those of the GDS (Appendix 11 ). It is 
surprising that all but one sample display very similar REE patterns (LaNIYbN = 2.0 to 
2.2) and Nd isotopic features (ENct(800 Ma) = +4.1 to +4.2), which are indistinguishable 
from the GDS (Table 10.1; Fig. 10.2). Sample 87-504 has slightly higher LaN/YbN 
(2.8) and lower ENct(800 Ma) (+2.6), probably as a result of slight crustal contamination. 
The remarkable geochemical, isotopic and geochronological similarities between samples 
of the GDS and Amata Suite suggest that they belong to parts of the same huge dyke 
swarm occurring throughout central-southern Australia, confirming the deduction from 
aeromagnetic mapping of Tucker and Boyd (1987) that the GDS is one of the most 
extensive dyke swarms in Australia. In this case, the Amata Suite is merely the NW 
extension of the GDS into the Musgrave Inlier. 
10.5 THE BITTER SPRINGS VOLCANICS, AMADEUS BASIN 
Minor volcanics occur in the Bitter Springs Formation (here referred to as Bitter 
Springs volcanics and abbreviated as BSV) just above the base of the Amadeus Basin. 
Although insignificant in volume if compared with the massive volcanics in the Adelaide 
Geosyncline, the BSV is widespread and at a quite constant stratigraphic horizon in the 
Amadeus Basin (e.g. Shaw et al., 1991). It occurs in both drillholes and outcrops over 
much of the basin. Three samples from the BSV were analysed for REE concentrations 
and Sm-Nd isotopes (Table 10.1). Their REE patterns (LaN/YbN = 2.1 to 2.8) are 
similar to those of the Amata Suite and GDS (Fig. 10.2), except for Eu anomalies in the 
BSV samples, which can be easily explained in terms of feldspar fractionation or 
accumulation. Two of the three BSV samples also have ENct(800 Ma) values of +3.4 to 
+3.5, similar to the GDS and Amata Suite. One sample (AS-28) has a much lower 
ENct(800 Ma) value of -0.2, probably due to crustal contamination. 
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Unfortunately, the BSV is not amenable to direct Sm-Nd dating using mineral 
isochrons due to extensive alteration and the lack of preservation of primary mineral 
phases. 
10.6 DISCUSSION 
There are a number of questions which are raised by these new observations. (1). 
What is the significance of the geochemical similarities among the suites and were these 
suites formed during the same magmatic event? (2). How is this magmatic event related to 
the formation of the sedimentary basins and what types of mechanisms does it imply for 
the formation of the sedimentary basins? 
10.6.1 Age of the dykes and volcanics 
Regional chronostratigraphic correlations among the dykes, volcanics and 
sedimentary basins are presented in Fig. 10.1 (bottom). Clearly, identical Sm-Nd 
mineral isochron ages suggest that the GDS and the Amata Suite were formed during the 
same magmatic event within the analytical errors (790-870 Ma). However, there are no 
unequivocal age constraints on the Willouran volcanics (e.g. Beda, Wooltana, Noranda 
Volcanics) at the base of the Adelaide Geosyncline, although geochemical and 
stratigraphic arguments suggest that they are comagmatic with the GDS (Crawford & 
Hilyard, 1990; this study). A number of Rb-Sr whole-rock isochron ages have been 
obtained from these volcanics. e.g. the Beda Volcanics yields two conflicting ages, 1076 
± 33 Ma, and 697 ± 70 Ma, whereas the Wooltana Volcanics produces an age of 830 ± 
50 Ma (Parker et al., 1990), similar to the more reliable Sm-Nd mineral isochron age of 
the GDS (Appendix 11). It is likely that the Rb-Sr isotopic systems in the Beda 
Volcanics have been disturbed by alteration or, alternatively, the Rb-Sr whole-rock 
isochrons represent geologically meaningless pseudo-isochrons resulting from crustal 
contamination and isotopic mixing. A reliable U-Pb zircon age of 802 ± 10 Ma has been 
obtained by Fanning et al. (1986) for the Rook Tuff, part of the basal Callanna Group. 
The voluminous Willouran volcanics forms the lower part of the rift-related Callanna 
Group, immediately underlying the Rook Tuff. Therefore, the Rook Tuff could be 
thermally related to the underlying Willouran volcanics, representing the waning stage of 
the rift-related volcanic activities. Thus, the Willouran volcanics is likely to have a very 
similar age to the Rook Tuff as well as the GDS. 
Age constraints on the Bitter Springs volcanics (BSV) at the base of Amadeus 
Basin are much more limited. In addition to the geochemical similarities between the 800 
Ma old dykes and the BSV, several lines of evidence suggest that the BSV is also of a 
similar age to the dykes. Firstly, field observations show that the basal unit of the 
Amadeus Basin unconformably overlies the Arunta Block as well as the SDS (Shaw et 
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al., 1991), indicating that the Amadeus Basin was formed after a basement uplift event, 
whilst the SDS was intruded prior to that uplift event. Thus, the intrusion of the 1076 
Ma old SDS may substantially predate the formation of the basin with basin formation 
being due to a younger extensional event. Secondly, it has been argued that the Bitter 
Springs Formation is probably correlated to the Burra Group in the Adelaide Geosyncline 
(Preiss and Forbes, 1981) and therefore the BSV is probably correlated to minor 
volcanics in the Burra Group (Parker et al., 1990). The Burra Group conformably 
overlies the Callanna Group and is in turn unconformably overlain by the Sturt tillites, 
which are correlated with the Areyonga tillites in the Amadeus Basin (see Fig. 10.1). 
Both Burra and Callanna Groups represent parts of the earliest rifting sequence in the 
Adelaide Geosyncline. The post-glaciation Tapley Hill Formation overlying the Sturt 
tillites yield a Rb-Sr isochron age of 750 ± 53 Ma (Preiss, 1987). In this case, the age of 
the BSV can be bracketed within the range of 750-800 Ma, similar to the age of the 
dykes. Thirdly, fossil evidence based on stromatolites from the Bitter Springs Formation 
is consistent with this age (e.g. Walter, 1972; Walter et al., 1979). Thus based on the 
above evidence, it is reasonable to argue that the BSV was erupted during the waning 
stage of the 800 Ma magmatic event in central-southern Australia. 
10.6.2 A plume source for the 800 Ma dykes and volcanics 
As described previously, the GDS, Amata Suite, the Willouran volcanics plus the 
Bitter Springs volcanics show strong similarities in terms of geochemical and isotopic 
signatures. These similarities can be further illustrated on the MORB-normalized 
spiderdiagram (Fig. 10.3) in which all the above suites have similar "humped" 
spiderdiagram patterns, which are characterised by variable enrichment in all the trace 
elements except Y and Yb relative to, average MORB. These similarities have two direct 
implications. First, they imply that crustal contamination is minimal in these mafic suites 
and the geochemical and isotopic features of the mafic suites directly reflect their mantle 
source signatures.Considering the contrasting crustal formation and evolution histories 
between the dominantly Archean Gawler Craton and the Middle Proterozoic Musgrave 
Inlier, crustal contamination, if any, would have had a clear influence on the geochemical 
and isotopic features of the GDS and the Amata Suite. Second, the above similarities, 
combined with uniform Nd isotopic signatures, suggest that the mafic suites were derived 
by partial melting of a remarkably uniform mantle source with a dimension of over 1000 
km. Crawford and Hilyard (1990) considered the Willouran volcanics and the GDS as a 
large basic province, termed the Willouran Basic Province, which is in area and volume 
comparable with many other flood basalt provinces in the world. This study suggests 
that the Willouran Basic Province should be extended to also include the Amata Suite in 
the Musgrave Inlier and the BSV in the Amadeus Basin. Such a huge mafic province 
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which formed during a limited time span requires a large thermal anomaly in the mantle 
during the late Proterozoic. 
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Figure 10.3: Average MORB normalized spiderdiagram showing 
geochemical comparison among mafic suites in central Australia. Amata -
Amata Suite (after Table 10.3); GDS - Gairdner Dyke Swarm (data after 
Table 10.1 and Woodget, 1987); BSV - Bitter Springs Volcanics (data 
after Table 10.1 and Russell Korsch, unpublished); WV - Wooltana 
Volcanics (after Crawford & Hilyard, 1990); SDS - Stuart Dyke Swarm 
(see Chapter 9); Horingbaai - Horingbaai dolerite of the Karoo Flood 
Basalts (after Duncan et al., 1990); Hawaii - average Hawaii basalts (after 
Pearce, 1983). Figures in parentheses denote numbers of analyses. 
Normalized values after Pearce (1983). The Amata Suite, GDS, BSV and 
WV show remarkably similar "humped" patterns analogous to the 
Horingbaai dolerites (typical plume-related continental flood basalts) and 
the Hawaii basalts (typical plume-related ocean island basalts). The SDS 
is distinctive in showing depletion in HFS elements and pronounced Nb 
and Ti negative anomalies, typical of island arc tholeiites. See text for 
discussion. 
The spiderdiagram patterns of the suites of the Willouran Basic Province also 
have many similarities to the Hawaiian basalts (Pearce, 1983), the Horingbaai dolerites 
of the Karoo Flood Basalt (Duncan et al., 1990) as well as ocean island tholeiites 
generally (e.g. Eggins et al., 1991). The Horingbaai Dolerites has slightly but uniformly 
LREE-enriched patterns (LaNIYbN -2) and positive initial ENd values (+6.0 to +7.8), 
which are similar to the 800 Ma suites in Australia. These ENd values are also within the 
range for typical Hawaiian basalts. Continental flood basalts (CFB) and oceanic island 
basalts (OIB) generally have been considered to be derived by decompression melting of 
a mushroom-shaped plume head about 1000-2000 km in diameter (e.g. White and 
McKenzie, 1989; Richards et al., 1989; Campbell & Griffiths, 1990). The mushroom-
shaped plume head consists of asthenosphere, 100-200°C above the ambient mantle 
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temperature, which is capable of producing copious amounts of melts. The similarities 
between the mafic suites in central-southern Australia and many CFBs in terms of 
geochemistry, scale and time-span suggest that a similar plume-related mcxlel may also be 
applicable for the genesis of the Willouran Basic Province. 
In addition, the spiderdiagram shows a striking contrast between suites of the 
Willouran Basic Province and the older Stuart Dyke Swarm (SDS). Notably the SDS 
displays strong depletion in HFS and HREE elements and selective enrichment in LIL 
elements, and pronounced negative Nb and Ti anomalies, typical of island arc tholeiites 
(Pearce, 1983). This suggests the Willouran Basic Province was derived from a mantle 
source geochemically unrelated to that of the SDS. 
10.6.3 Basin formation and plume tectonics in central-southern Australia 
There is some consensus that the formation of the Adelaide Geosyncline is 
probably related to an aulacogen-type rifting (e.g. von de Borch, 1980), but no such 
consensus has been reached regarding the mechanisms responsible for the formation of 
intracratonic basins in central Australia (c.f. Rutland, 1978; Lambeck, 1984; Lindsay et 
al., 1987; Korsch & Lindsay, 1989; Shaw et al., 1991). Lambeck (1984) argued that 
the basins were formed as a result of crustal shortening under a long-lasting 
compressional stress in the basement blocks, whereas Korsch and Lindsay (1989) 
suggested that the basins were formed in a failed continental rift as a result of lithospheric 
thinning. Korsch and Lindsay (1989) pointed out that the tectonic subsidence curve 
recorded in the Amadeus Basin is consistent with lithosphere stretching rather than 
shortening. Shaw et al. (1991) have pointed out that the basin morphology and other 
structural and stratigraphic evidence are inconsistent with lithosphere stretching; rather, 
they infer that it is the basement structure inherited from the early-mid Proterozoic, such 
as the Redbank Deformed Zone, a sheared Proterozoic province boundary, that has had a 
long term and repeated influence on the patterns of subsidence in the Amadeus Basin. 
Although the exact mechanism controlling the basin formation and evolution in 
central-southern Australia is complex and not well understood, this study on the 
Willouran Basic Province may provide some new constraints on this problem. It is 
suggested that the 1075-1090 Ma SDS and KDS are unrelated to the formation of the 
basins in central Australia, and that it is the 800 Ma Willouran Basic Province that is 
closely associated with the initiation of basin formation. 
White and McKenzie (1989), Campbell and Griffiths (1990) and many others 
have discussed plume tectonics and plume-related basin evolution and continental 
breakup. They suggest that a mantle plume impinging upon the base of continental crust 
is capable of causing a domal surface uplift in an order of -1 km, sudden onset of 
continental flood basalt volcanism, followed by thermal relaxation causing formation of 
depositional basins over a broad area, probably several times wider than the size of the 
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plume head (e.g. Keen, 1985), for a period of up to 100 Ma (e.g. Campbell and 
Griffiths, 1990). Mechanically, upwelling of a plume is likely to produce a three-arm 
rifting structure, with two active arms developing into an oceanic basin providing the 
amount of stretching was sufficiently large and the failed arm becoming an aulacogen. 
The best modern example is the Red Sea - Afar - Gulf of Eden triple junction resulting 
from upwelling of the Afar plume (e.g. White and McKenzie, 1989). An ancient 
example is the 1270 Ma old Mackenzie hotspot in Canada, which produced the massive 
Mackenzie Dyke Swarm and Coppermine River flood basalts (Lecheminant and Heaman, 
1989). Lecheminant and Heaman (1989) proposed a three-arm rift above a mantle plume 
for the generation of the flood basalt province with two active arms resulting in opening 
of the Middle Proterozoic Poseidon Ocean and the failed arm being filled with the strick-
slip Mackenzie Dyke Swarm. 
It is interesting to note that the NW-trending GDS and its extension into the 
Musgrave Inlier is in nature and magnitude analogous to the Mackenzie Dyke Swarm. By 
comparison, the massive volcanics at the base of Adelaide Geosyncline would be 
equivalent to the Coppermine River flood basalts associated with the Mackenzie Dyke 
Swarm. Therefore it is proposed that the sedimentary basins in central Australia 
developed in the failed arm of an aulacogen as a result of thermal subsidence following 
onset of a late Proterozoic mantle plume. This model is generally consistent with the 
suggestions of Lindsay et al. (1987), Rutland (1976) and von der Borch (1980). The 
two active arms of the triple junction rift system, located to the east of the Centralian 
Superbasin, produced thinned continental crust during the stretching. This could have led 
to the development of an oceanic basin if the amount of stretching had been sufficiently 
large. There is currently some debate as to whether the lower crust beneath the western 
margin of the Tasman Orogen is oceanic or continental in character; nevertheless, neither 
of the options affects the current model for the formation of the Centralian Superbasin. 
Specifically, it is suggested that the centre of the plume is probably located at the 
triple junctions of von der Borch ( 1980) (See Fig. 10.4 ). The Willouran volcanics at the 
base of Adelaide Geosyncline is a flood basalt province sitting directly on top of the 
plume head. The NW-trending GDS and its NW extension in the Musgrave Inlier (e.g. 
the Amata Suite) was intruded along the axis of the failed arm. Minor volcanic activities 
in the Callanna and Burra Groups of the Adelaide Geosyncline as well as in the Bitter 
Springs Formation of the Amadeus Basin probably reflect the waning stage of partial 
melting of the plume. It is interesting to note that, if taking the extent of the GDS and its 
NW extension in the Musgrave as the radius of the plume, the diameter of the plume is 
about 1600 km. According to the model of Keen (1985), a plume of such a size is 
capable of causing domal uplift over an area of 8000 km across. Therefore thermal 
relaxation following the output of the flood basalts and cessation of the plume activity 
would result in widespread subsidence over a broad area in central-southern Australia 
leading to the formation of the Centralian Superbasin. This therefore explains the 
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Figure 10.4: Schematic diagram showing initiation of the -800 Ma Willouran Basic 
Province and formation of an aulacogen-type rift system as a result of the sudden onset of 
a domal mantle plume. The two active arms of the aulacogen are inferred to result in 
opening of an oceanic basin which is today represented by the western margin of the 
Tasman Orogen. The failed arm is filled with the Gairdner Dyke Swarm and Amata Suite. 
The reference cycle with a radius of -400 km centred at the triple junction of the 
aulacogen of von der Borch (1980) enclose the extent of the Willouran Basic Province of 
Crawford and Hilyard (1990). The dashed line with arrow (-800 km in length) indicates 
the radius of the plume head predicted in this study. A plume of this size is capable of 
resulting in domal uplift and subsidence over an area with a diameter of -8000 km 
according to the model of Keen (1985). See text for discussion. 
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tectonic subsidence curves observed in the basins by Lindsay et al. (1987). The 
difference between the Adelaide Geosyncline and other basins in central Australia is 
probably due to the fact that the Adelaide Geosyncline is located more closely to the centre 
of the plume. Thus the Adelaide Geosyncline records more directly the magmatic activity 
associated with the plume. The Amadeus and Officer Basins are more than 400 km away 
from the centre of the plume and therefore only minor plume-related magmatism is 
recorded there. No volcanics have been recorded in the Georgina and N galia Basins at 
this time, probably because they lie even farther from the plume head than the Amadeus 
and Officer Basins. 
10.7 SUMMARY AND CONCLUSIONS 
Widespread Late Proterozoic (-800 Ma) mafic dyke swarms and related volcanics 
occurring in central-southern Australia over a large area of > 1000 km across show 
remarkably uniform geochemical and isotopic features characterised by similar "humped" 
spiderdiagram patterns, smooth LREE-enriched patterns, and a limited range of ENct(800 
Ma) values ( +2.4 to +4.2), closely resembling the Hawaiian basalts and the high-Ti 
Karoo Flood Basalts. These features suggest that this mafic province was probably 
derived by decompression melting of a large-scale, uniform asthenospheric mantle plume. 
Upwelling of the plume resulted in domal uplift of the continental lithosphere, aulacogen-
type rifting and sudden onset of flood basalt volcanism. Large-scale crustal extension 
followed by thermal subsidence as a result of the plume activity may have been 
responsible for the formation of the large sedimentary basins in central-southern 
Australia. 
Part III: 
Provenance of Sediments in the Amadeus Basin, Central 
Australia 
(Including Chapter 11) 
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CHAPTER 11. Sm-Nd AND U-Pb ZIRCON ISOTOPIC 
CONSTRAINTS ON THE PROVENANCE OF SEDIMENTS 
FROM THE AMADEUS BASIN, CENTRAL AUSTRALIA: 
EVIDENCE FOR REE FRACTIONATION 
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Sm-Nd isotopic systematics in sedimentary rocks have proved to be a powerful 
tool in constraining the provenances of sedimentary rocks as well as for more generalised 
modelling of crustal evolution. Despite the now widespread application of this technique, 
a number of basic assumptions have not as yet been fully evaluated. One of the principal 
assumptions is that during sedimentary sorting processes, fine-grained sediments retain 
the same relative abundances of REE as found in their source regions and therefore their 
Nd model or provenance ages represent the average time since their continental sources 
were initially separated from the mantle. It is implicit in this approach, that within fine-
grained sediments, any local source effects will be averaged out and preferential sorting 
of REE enriched minerals is minimal. 
On the other hand, zircons formed in the source region of the sedimentary rocks 
may be recycled into elastic sediments during sedimentation. Therefore by analysing the 
age populations of zircons in a given elastic sediment, information about the ages of the 
sources of the sediment can be obtained. This therefore provides another approach for 
the study of sediment provenance and crustal evolution. 
In this chapter, REE, Nd isotopic and U-Pb detrital zircon studies are presented 
for a suite of sedimentary rocks from the Amadeus Basin, central Australia. The research 
paper (coauthored by Zhao, McCulloch and Bennett) derived from this study has been 
published in Geochimica et Cosmochimica Acta and a copy of this paper presented in 
Appendix 8. In this chapter only the main points will be highlighted. Readers are 
referred to Appendix 8 for the detailed information. 
The main aims of this study are: 
(1) to provide constraints on the provenance of the Amadeus Basin sediments and 
the relative importance of the two basement blocks, the Arunta and Musgrave Inliers, as 
sediment sources throughout basin formation. 
(2) to assess the extent of REE fractionation during sedimentary sorting and post-
deposition diagenesis, and to evaluate the use of Nd depleted mantle model ages for more 
generalized models of crustal evolution. 
(3) To compare between sediment provenance ages obtained from SHRIMP ion 
probe U-Pb ages of detrital zircons and T~~ model ages. 
The following conclusions have been reached from the present study: 
(1). Nd isotopic constraints indicate that the Amadeus Basin sediments were 
derived from at least two source components, probably related to the basement Arunta 
and Musgrave Blocks or/and their equivalents. The proportions of the Musgrave-type 
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component increases with decreasing depositional ages. 
(2). U-Pb zircon ion probe analyses on samples from the Late Proterozoic 
Heavitree Quartzite and the Late Cambrian Goyder Formation agree well with the Nd 
isotopic constraints on the provenance of the Amadeus Basin sediments. However, U-
Pb zircon ion probe technique proves to be a more powerful tool in resolving multi-
component provenance of sediments. 
(3). A significant correlation between calculated T~~ (depleted mantle model age) 
and 147Sm/144Nd ratios as observed in the Amadeus Basin sediments is explained in 
terms of REE fractionation in these sediments. REE fractionation may have occurred 
during pre-, syn- or post- deposition processes. Theoretical models indicate that T~ 
cannot be taken as the provenance age of the sediments in case of REE fractionation. 
However, a method is developed, which can be used for estimating the average 
provenance ages and average REE fractionation ages for consanguineous sediments of 
the same stratigraphic unit, which have been variably fractionated in REE. This method 
has been successfully demonstrated using the Amadeus Basin sediments. The results 
suggest that sedimentary recycling and burial diagenesis might have been dominant 
processes for REE fractionation in the Amadeus Basin sediments. 
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APPENDIX 1 
Details of samples from the Arunta Inlier used for XRF analyses. Listed in increasing 
order under ANU sample catalogue. Localities are quoted either using grid reference 
(e.g. 53K LP 808797) or longitude/latitude. 
ANUNumber BMR Number Locality Map name Lithological unit Rock type 
89-474 8909 5500 53K LP 808797 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
89-475 8909 5501 53K LP 837822 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
89-476 8909 5502 53K LQ 921264 Alice Springs, 1:250K Oolbra Orthogneiss granite 
89-477 8909 5503 53K LQ 990290 Alice Springs, 1:250K Gum Tree Granite granite 
89-478 8991 5780 53K MQ 020298 Alice Springs, 1:250K Johannen Metagabbro mafic granulite 
89-479 8909 5504 53K MQ 077308 Alice Springs, 1 :250K unnamed dyke metadolerite 
89-480 8909 5505 53K MQ 409153 Alice Springs, 1 :250K Georgina Gap Granite porphyritic granite 
89-481 8909 5506 53K MQ 393128 Alice Springs, 1 :250K Georgina Gap Granite porphyritic granite 
89-482 8909 5507 53K MQ 374117 Alice Springs, 1:250K Georgina Gap Granite foliated granite (raft?) 
89-483 8909 5508 53K MQ 372115 Alice Springs, 1:250K Georgina Gap Granite porphyritic granite 
89-484 8909 5509 53K MQ 379061 Alice Springs, 1:250K Jennings Granitic Gneiss fine-grained tonalite 
89-485 8909 5510 53K MQ 382061 Alice Springs, 1:250K Jennings Granitic Gneiss foliated tonalite 
89-486A 8909 5511 53K MQ 403076 Alice Springs, 1:250K Group 2 amphibolite amphibolite 
89-487 8909 5512 53K MQ 410075 Alice Springs, 1 :250K Jennings Granitic Gneiss fine-grained tonalite 
89-488 8909 5513 53K MQ 410075 Alice Springs, 1:250K Jennings Granitic Gneiss porphyritic tonalite 
89-489 8909 5514 53K MQ 401079 Alice Springs, 1:250K Stuart Dyke Swarm? dolerite 
89-490 8909 5515 53K MQ 393070 Alice Springs, 1:250K Jennings Granitic Gneiss fine-grained tonalite 
89-491 8909 5516 53K MQ 391065 Alice Springs, 1:250K Jennings Granitic Gneiss coarse-grained tonalite 
89-492 8909 5517 53K MQ 350089 Alice Springs, 1 :250K Randall Peak Metamorphics foliated tonalite (coarse) 
89-493 8909 5518 53K MQ 350089 Alice Springs, 1:250K crosscutting 89-492 & 4 undeformed granitic dyke 
89-494 8909 5519 53K MQ 350089 Alice Springs, 1:250K Randall Peak Metamorphics foliated tonalite (fine) 
89-497 8909 5520 53K MQ 270057 Alice Springs, 1:250K Randall Peak Metamorphics coarse-grained tonalite 
89-498 8909 5521 53K MQ 278043 Alice Springs, 1:250K Jennings Granitic Gneiss? foliated augen gneiss 
89-499 8909 5522 53K MQ 278043 Alice Springs, 1 :250K crosscutting 89-498 undeformed granitic dyke 
89-500A 8909 5523 53K MP 267996 Alice Springs, 1:250K Randall Peak Metamorphics hornblende gneiss 
89-500B 8909 5524 53K MP 267996 Alice Springs, 1:250K Randall Peak Metamorphics amphibolite 
89-501 8909 5525 53K MP 260968 Alice Springs, 1:250K Group 1 amphibolite metagabbro 
89-502 8909 5526 53K MP 258961 Alice Springs, 1:250K Jennings Granitic Gneiss fine-grained granite 
89-504 8909 5527 53K LP 979805 Alice Springs, 1 :250K Jessie Gap Gneiss(?) leucogranite 
89-505 8909 5528 53K LP 979805 Alice Springs, 1:250K Jessie Gap Gneiss(?) biotite-rich granite 
........ 89-506 8909 5529 53K LP 979805 Alice Springs, 1:250K Stuart Dyke Swarm coarse-graned dolerite -..J 
°' 
Appendix 1: Sample locations 
ANUNumber BMRNumber Locality Map name Lithological unit Rock type 
89-507 8909 5530 53K LP 028785 Alice Springs, 1:250K Jessie Gap Gneiss (?) fine-grained granite 
89-508 8909 5531 53K LP 153887 Alice Springs, 1:250K undifferentiated porphyritic granitic gneiss 
89-509 8909 5532 53K LP 015793 Alice Springs, 1:250K Group 1 amphibolite dyke-like amphibolite 
89-510 8909 5533 53K LP 015793 Alice Springs, 1:250K Jessie Gap Gneiss foliated coarse-grained granite 
89-511 8909 5534 53K LP 015793 Alice Springs, 1:250K Jessie Gap Gneiss foliated fine-grained granite 
89-512 8909 5535 53K LP 635717 Alice Springs, 1:250K Burt Bluff Gneiss foliated porphyritic granite 
89-514 8909 5536 53K LP 278710 Mac Donnell Ranges, 1: 1 OOK Boggy Hole Gneiss medium-grained granite 
89-515 8909 5537 53K LP 302719 MacDonnell Ranges, 1: 1 OOK Boggy Hole Gneiss porphyritic granite 
89-516 8909 5538 53K LP 149700 MacDonnell Ranges, 1: 1 OOK Boggy Hole Gneiss muscovite leucogranite 
89-517 8909 5539 53K LP 177696 Mac Donnell Ranges, 1: 1 OOK Boggy Hole Gneiss porphyritic granite 
89-518 8909 5540 53K LP 143685 Mac Donnell Ranges, 1: 1 OOK Boggy Hole Gneiss porphyritic granite 
89-522 8909 5541 53K LP 531695 Alice Springs, 1:250K Burt Bluff Gneiss foliated porphyritic granite 
89-523 8909 5542 53K LP 605709 Alice Springs, 1:250K Burt Bluff Gneiss fine-grained granite 
89-524 8909 5543 53K LP 847812 Alice Springs, 1:250K Alice Springs Granite coarse-grained granite 
89-525 8909 5544 53K LP 837840 Alice Springs, 1:250K Alice Springs Granite medium-grained granite 
89-526 8909 5545 53K LP 845860 Alice Springs, 1:250K Alice Springs Granite(?) migmatitic granite 
89-527 8909 5546 53K LP 858777 Alice Springs, 1:250K Sadadeen Range Gneiss porphyritic granite 
98-529 8991 5781 53K LP 652727 Alice Springs, 1:250K Rungutjirba Gneiss fine-grained granitic gneiss 
89-530 8909 5547 53K LP 996972 Alice Springs, 1:250K Bond Springs Gneiss (?) biotite gneiss 
89-531 8909 5548 53K MP 015989 Alice Springs, 1:250K undifferentiated undeformed granitic dyke 
89-532A 8909 5549 53K LP 955944 Alice Springs, 1:250K Bond Springs Gneiss (?) garnet-allanite gneiss 
89-533A 8909 5550 53K LP 848941 Alice Springs, 1:250K Bond Springs Gneiss (?) migmatitic gneiss 
89-534 8909 5551 53K LP 845948 Alice Springs, 1 :250K Flint Spring Gneiss porphyritic tonalitic gneiss 
89-535 8909 5552 53K LP 845948 Alice Springs, 1:250K crosscutting 89-534 fine-grained tonalitic dyke 
89-538 8909 5553 53K MP 966904 Alice Springs, 1:250K Atnarpa Igneous Complex granite 
89-540 8909 5554 23°33'18"/l 35°6'6" Illogwa Creek, 1:250K Atneequa Granitic Complex fine-grained pink granite 
89-541 8909 5555 23°33'18"/135°6'6" Illogwa Creek, 1:250K Atneequa Granitic Complex coarse-grained tonalite 
89-542 8909 5556 23°33'18"/135°6'6" Illogwa Creek, 1:250K Atneequa Granitic Complex fine-grained tonalite dyke 
89-543 8909 5557 23°33'48"/l 35°7' 12" Illogwa Creek, 1 :250K Atneequa Granitic Complex porphyritic granite 
89-544 8909 5558 23°33'48"/135°7' 12" Illogwa Creek, 1:250K xenolith in AGC fine-grained amphibolite 
...... 89-546A 8909 5559 23°32"54"/135°9'42" Illogwa Creek, 1:250K Atneequa Granitic Complex fine-grained granite -.....} 
-.....} 
Appendix 1: Sample locations 
ANU Number BMRNumber Locality Map name Lithological unit Rock type 
89-547 8909 5560 23°33'00"/135°11'18" Illogwa Creek, 1:250K Atneequa Granitic Complex K-feldspar granodiorite 
89-548A 8909 5561 23°33'00"/l 35°12'36" lllogwa Creek, 1:250K Atneequa Granitic Complex coarse-grained granite 
89-548B 8909 5562 23°4 l '00"/134°30'21" lllogwa Creek, 1 :250K Atneequa Granitic Complex porphyritic granite 
89-550 8909 5563 22°34'48"/134°56'6" Alcoota, 1:250K unnamed garnet-bearing leucogranite 
89-551 8909 5564 22°33 '18"/134 °57'18" Alcoota, 1:250K Mt Swan Granite megacrystal granite 
89-552 8909 5565 22°33'18"/134°57'18" Alcoota, 1:250K Dneiper Granite (?) foliated tonalite 
89-553 8909 5566 22°28'36"/135°5'48" Huckitta, 1:250K Mt Swan Granite pink porphyritic granite 
89-554 8909 5567 22°31'18"/135°2'48" Huckitta, 1:250K Dneiper Granite foliated tonalite 
89-555 8909 5568 22°4 l '42"/135°29'18" Huckitta, 1 :250K Pgy pink biotite granite 
89-556 8909 5569 22°41'42"/135°29'18" Huckitta, 1 :250K Pgg biotite granodiorite 
89-557 8909 5570 22°41 '54 "/135°30'00" Huckitta, 1:250K Marshall Granite granite 
89-558 8909 5571 22°37'36"/135°28'6" Huckitta, 1 :250K Pgg biotite granodiorite 
89-559 8909 5572 22°37'30"/135°28'00" Huckitta, 1:250K Pgg biotite granodiorite 
89-560 8909 5573 22°35'48"/135°27'6" Huckitta, 1:250K Pgg foliated granodiorite 
89-563 8909 5574 22°39'42"/135°47'54" Huckitta, 1:250K Jinka Granite porphyritic granite 
89-564 8909 5575 22°40'00"/135°48' 12" Huckitta, 1:250K Jinka Granite porphyritic granite 
89-565 8909 5576 22°45'30"/136°26'6" Huckitta, 1 :250K Jervois Granite porphyritic granodiorite 
89-566 8909 5577 22°45'30"/136°26'6" Huckitta, 1:250K crosscutting 89-565 fine-grained granite 
89-567 8909 5578 22°43'54"/136°13'12" Huckitta, 1:250K Jervois Granite granodoirite 
89-568 8909 5579 22°43'5 l "/136°13'54" Huckitta, 1:250K Jervois Granite granodoirite 
91-515 9109 5600 53K LP 858871 Alice Springs, 1:250K Group 1 amphibolite (Pgb) amphibolite 
91-517 9109 5601 53K LP 980793 Alice Springs, 1:250K Group 1 amphibolite amphibolite 
91-518 9109 5602 53K MP 015795 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-519 9109 5603 53K MP 032787 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-520 9109 5604 53K MP 079786 Alice Springs, 1:250K Group 1 amphibolite foliated amphibolite 
91-521 9109 5605 53K MP 064784 Alice Springs, 1:250K Group 1 amphibolite foliated amphibolite 
91-522 9109 5606 53K MP 103820 Alice Springs, 1:250K Group 1 amphibolite dyke-like amphibolite 
91-523 9109 5607 53K MP 103820 Alice Springs, 1:250K Group 1 amphibolite dyke-like amphibolite 
91-524 9109 5608 53K MP 147870 Alice Springs, 1 :250K Group 2 amphibolite mafic cumulate (pyroxenite) 
91-525 9109 5609 53K MP 147870 Alice Springs, 1:250K Group 2 amphibolite diorite 
....... 91-527 9109 5610 53K MP 153849 Alice Springs, 1:250K Group 1 amphibolite foliated amphibolite -.J 
00 
Appendix 1: Sample locations 
ANU Number BMRNumber Locality Map name Lithological unit Rock type 
91-528 9109 5611 53K MP 153863 Alice Springs, 1:250K Group 2 amphibolite diorite 
91-529 9109 5612 53K MP 154864 Alice Springs, 1:250K Group 2 amphibolite mafic cumulate (pyroxenite) 
91-530 9109 5613 53K MP 137830 Alice Springs, 1:250K Group 2 amphibolite biotite-bearing amphibolite 
91-531 9109 5614 53K MQ 370111 Alice Springs, 1:250K Group 2 amphibolite foliated amphibolite 
91-532 9109 5615 53K MQ 347108 Alice Springs, 1:250K Group 2 amphibolite (Pgw) foliated amphibolite 
91-533A 9109 5616A 53K MQ 330101 Alice Springs, 1:250K Group 2 amphibolite mafic cumulate (pyroxenite) 
91-533B 9109 5616B 53K MQ 330101 Alice Springs, 1:250K Group 2 amphibolite meta-gab bro 
91-534 91095617 53K MQ 324102 Alice Springs, 1:250K Group 2 amphiblite mafic cumulate (pyroxenite) 
91-535 9109 5618 53K MQ 323103 Alice Springs, 1:250K Group 2 amphibolite mafic cumulate 
91-536 9109 5619 53K MQ 324099 Alice Springs, 1:250K Group 2 amphibolite mafic cumulate 
91-537 9109 5620 53K MP 267987 Alice Springs, 1:250K Group 1 amphibolite foliated amphibolite 
91-538 9109 5621 53K MP 263982 Alice Springs, 1:250K Group 1 amphibolite massive amphibolite 
91-539 9109 5622 53K MP 260966 Alice Springs, 1:250K Group 1 amphibolite amphibolite 
91-540 9109 5623 53K MP 257958 Alice Springs, 1:250K undifferentiated amphibolite 
91-541 9109 5624 53K LP 697783 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-542 9109 5625 53K LP 837717 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-543 9109 5626 53K LP 834717 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-544 9109 5627 53K LP 813708 Alice Springs, 1:250K Stuart Dyke Swarm dolerite 
91-545 9109 5628 53K LP 452741 Alice Springs, 1 :250K Stuart Dyke Swarm plagioclase-rich dolerite 
91-546 9109 5629 53K LP 298697 MacDonnell Ranges, l:lOOK Stuart Dyke Swarm dolerite 
91-547 9109 5630 53K LP 114707 Mac Donnell Ranges, 1: 1 OOK Stuart Dyke Swarm dolerite 
91-548 9109 5631 53K LP 032711 MacDonnell Ranges, l:lOOK Stuart Dyke Swarm dolerite 
91-549 9109 5632 53K LP 027729 Mac Donnell Ranges, 1: 1 OOK Stuart Dyke Swarm dolerite 
91-550 9109 5633 53K JP 947771 Hermannsburg, l:lOOK Stuart Dyke Swarm dolerite 
91-551 9109 5634 53K JP 963778 MacDonnell Ranges, l:lOOK Stuart Dyke Swarm dolerite 
91-552A 9109 5635A 53K LP 982813 Alice Springs, 1:250K Group 1 amphibolite amphibolite 
Appendix 1: Sample locations 
ANUNumber BMR Number Locality 
91-528 9109 5611 53K MP 153863 
91-529 9109 5612 53K MP 154864 
91-530 9109 5613 53K MP 137830 
91-531 9109 5614 53K MQ .370111 
91-532 9109 5615 53K MQ 347108 
91-533A 9109 5616A 53K MQ 330101 
91-5338 9109 56168 53K MQ 330101 
91-534 9109 5617 53K MQ 324102 
91-535 9109 5618 53K MQ 323103 
91-536 9109 5619 53K MQ 324099 
91-537 9109 5620 53K MP 267987 
91-538 9109 5621 53K MP 263982 
91-539 9109 5622 53K MP 260966 
91-540 9109 5623 53K MP 257958 
91-541 9109 5624 53K LP 697783 
91-542 9109 5625 53K LP 837717 
91-543 9109 5626 53K LP 834717 
91-544 9109 5627 53K LP 813708 
91-545 9109 5628 53K LP 452741 
91-546 9109 5629 53K LP 298697 
91-547 9109 5630 53K LP 114707 
91-548 91095631 53K LP 032711 
91-549 9109 5632 53K LP 027729 
91-550 9109 5633 53K JP 947771 
91-551 9109 5634 53K JP 963778 
91-552A 9109 5635A 53K LP 982813 
91-554 53K LP 691798 
Map name Lithological unit 
Alice Springs, 1 :250K Group 2 amphibolite 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1:250K Group 2 amphibolite (Pgw) 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1 :250K Group 2 amphiblite 
Alice Springs, 1:250K Group 2 amphibolite 
Alice Springs, 1 :250K Group 2 amphibolite 
Alice Springs, 1:250K Group 1 amphibolite 
Alice Springs, 1:250K Group 1 amphibolite 
Alice Springs, 1:250K Group 1 amphibolite 
Alice Springs, 1:250K undifferentiated 
Alice Springs, 1:250K Stuart Dyke Swarm 
Alice Springs, 1 :250K Stuart Dyke Swarm 
Alice Springs, 1:250K Stuart Dyke Swarm 
Alice Springs, 1 :250K Stuart Dyke Swarm 
Alice Springs, 1:250K Stuart Dyke Swarm 
MacDonnell Ranges, 1: lOOK Stuart Dyke Swarm 
MacDonnell Ranges, l:lOOK Stuart Dyke Swarm 
Mac Donnell Ranges, 1: 1 OOK Stuart Dyke Swarm 
Mac Donnell Ranges, 1: 1 OOK Stuart Dyke Swarm 
Hermannsburg, l:IOOK Stuart Dyke Swarm 
MacDonnell Ranges, l:lOOK Stuart Dyke Swarm 
Alice Springs, 1:250K Group 1 amphibolite 
Alice Springs, 1:250K Rungutjirba Gneiss 
Appendix 1: Sample locations 
Rock type 
diorite 
mafic cumulate (pyroxenite) 
biotite-bearing amphibolite 
foliated amphibolite 
foliated amphibolite 
mafic cumulate (pyroxenite) 
meta-gab bro 
mafic cumulate (pyroxenite) 
mafic cumulate 
mafic cumulate 
foliated amphibolite 
massive amphibolite 
amphibolite 
amphibolite 
dolerite 
dolerite 
dolerite 
dolerite 
plagioclase-rich dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
dolerite 
amphibolite 
granitic gneiss 
-00 0 
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APPENDIX 2 
XRF analyses for samples from the Arunta Inlier as collected in this study. Code No. 
correspond to units as follows: 1.1 - the Stuart Dyke Swarm; 1.2 - Johannsen 
Metagabbro; 1.3 - undifferentiated mafic rocks; 2 - Oolbra Orthogneiss; 3 - Gumtree 
Granite; 4 - Georgina Gap Granite; 5 - Jennings Granitic Gneiss (.1 - coarse-grained, .2 
- fine-grained); 6 - tonalitic gneiss of the Randall Peak Metamorphics; 7 - Jessie Gap 
Gneiss (.1 - coarse-grained, .2 - fine-grained); 8 - Alice Springs Granite; 9 - Burt Bluff 
Gneiss (.1 -coarse-grained, .2 - fined-grained); 10 - Rungutjirba Gneiss; 11 - Boggy 
Hole Gneiss; 12 - Sadadeen Gneiss; 13 - Flint Springs Gneiss; 14 - Atnarpa Igneous 
Complex; 15 - Atneequa Granitic Complex (.1 - coarse-grained, .2 - fine-grained, .3 -
mafic xenolith); 16 - Mount Swan Granite; 17 - Dneiper Granite and Pgg; 18 - Marshall 
Granite; 19 - Jinka Granite; 20 - Jervois Granite (.1 - coarse-grained, .2 - fine-grained); 
21 - undifferentiated granitic rocks. XRF data for mafic amphibolites from the Alice 
Springs region are listed in Table 1 of Appendix 10. Sample localities are shown in 
Appendix 1. 
Code No. 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 
ANU Number 89-474 89-475 89-506 89-506M 91-518 91-519 91-541 91-542 91-543 91-544M 91-545 91-546 91-547 91-548 91-549 
BMR Number 89095500 89095501 89095529 91095636 91095602 91095603 91095624 91095625 91095626 91095627 91095628 91095629 91095630 91095631 91095632 
Major elemenl (wt%) 
Si02 47.13 45.76 46.69 47.80 43.81 44.34 45.77 46.10 45.44 44.73 47.70 47.56 49.59 47.38 47.72 
Ti02 0.47 0.65 0.61 0.80 0.94 0.73 0.59 0.62 0.68 0.55 0.63 0.45 0.54 0.92 0.93 
Al203 13.21 14.48 16.86 15.66 14.62 13.69 13.86 14.34 15.06 13.25 18.73 14.09 14.98 16.73 15.78 
Fe203 3.17 3.99 2.88 2.60 4.21 3.30 3.31 3.35 3.72 5.45 2.56 3.22 3.35 3.47 3.37 
FeO 6.67 6.57 6.89 7.96 8.39 8.69 7.68 6.80 7.54 5.85 6.51 6.81 5.91 7.18 7.06 
MnO 0.16 0.16 0.14 0.16 0.16 0.17 0.16 0.16 0.16 0.15 0.13 0.15 0.14 0.16 0.16 
MgO 14.07 11.98 10.88 10.08 11.06 14.91 13.96 11.83 11.71 14.71 5.35 12.34 8.87 8.32 7.82 
Cao 10.47 10.48 10.31 10.64 9.47 9.49 9.48 9.20 10.62 8.65 11.74 9.91 11.15 11.29 11.92 
Na20 1.29 1.51 1.96 2.04 1.70 1.61 1.61 1.37 1.72 1.47 2.63 1.58 1.78 1.97 2.00 
K20 0.28 0.58 0.26 0.47 0.88 0.34 0.40 1.08 0.29 0.39 1.01 0.63 0.85 0.51 0.55 
P205 0.07 0.08 0.09 0.10 0.11 0.08 0.07 0.07 0.08 0.06 0.12 0.08 0.10 0.11 0.11 
LOI 2.64 3.38 2.10 1.43 4.31 2.19 2.49 4.41 2.41 4.35 2.54 2.62 2.31 1.77 1.74 
Rest 0.38 0.29 0.24 0.23 0.22 0.30 0.29 0.29 0.26 0.31 0.23 0.32 0.29 0.21 0.22 
Total 100.Dl 99.91 99.91 99.99 99.88 99.84 99.67 99.62 99.69 99.92 99.88 99.76 99.86 100.02 99.38 
Trace elemenl (ppm) 
Ba 144 107 176 166 122 87 112 181 117 133 303 233 244 215 223 
Ce 16 10 14 20 <5 5 16 14 12 15 19 21 21 11 12 
Cr 1380 900 518 643 389 893 760 702 635 697 295 965 890 323 378 
Cs 14 11 <3 <3 11 <3 15 13 16 14 16 22 8 19 12 
Cu 99 135 117 147 175 160 134 122 147 123 152 105 99 158 155 
Ga 13 14 17 17 16 14 12 13 15 14 19 13 14 17 17 
La 7 3 9 8 4 3 8 6 8 4 11 8 10 7 4 
Li 17 14 7 8 38 6 14 50 8 19 32 19 26 15 16 
Mn 1361 1316 1229 1368 1383 1463 1402 1459 1438 1325 1183 1340 1301 1373 1371 
Nb <2 <2 <2 4 <2 4 3 2 5 3 5 4 4 3 2 
Nd 8 8 11 8 6 3 9 4 7 5 9 11 14 5 10 
Ni 456 371 341 303 448 626 601 508 420 735 131 438 204 190 138 
Pb 3 <2 4 3 <2 <2 <2 5 2 2 4 5 4 2 <2 
Rb 19 44 8 18 57 13 18 105 24 25 84 25 44 22 17 
Sc 39 43 33 45 36 37 41 38 44 29 33 42 41 41 48 
Sr 112 141 237 152 147 114 101 104 116 116 279 139 191 191 185 
Th <2 <2 <2 <2 <2 <2 <2 2 <2 <2 <2 <2 <2 <2 <2 u <0.5 <0.5 0.5 0.5 <0.5 <0.5 1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
v 233 242 198 257 214 214 228 273 260 214 286 222 249 276 302 y 19 25 21 29 29 26 25 24 26 20 26 24 20 28 30 
Zn 62 62 64 70 80 68 66 69 64 67 75 68 62 67 66 
Zr 42 43 48 71 59 45 54 58 56 48 57 55 59 77 80 ....... 00 
N 
Appendix 2: XRF data 
Code No. 1.1 1.1 1.2 1.3 1.3 1.3 1.3 1.3 2 3 4 4 4 4 4 
ANUNumber 91-550 91-551 89-478 89-479 89-489 89-486A 89-500A 89-500B 89-476 89-477 89-480 89-481 89-483 89-484 89482 
BMR Number 91095633 91095634 89915780 89095504 89095514 89095511 89095523 89095524 89095502 89095503 89095505 89095506 89095508 89095509 89095507 
Major element {wt%) 
Si02 46.40 45.35 50.24 49.92 50.17 46.19 56.99 52.37 72.11 73.00 67.92 69.84 65.27 66.44 68.33 
Ti02 0.69 0.60 0.81 1.06 1.08 0.46 1.42 1.07 0.41 0.31 0.59 0.57 0.85 0.83 0.42 
Al203 15.34 13.63 14.24 13.90 14.76 17.88 18.01 15.40 13.18 12.99 14.01 13.55 14.48 14.15 13.25 
Fe203 2.84 3.34 1.46 1.62 0.95 2.09 3.51 2.85 1.36 1.32 2.61 1.76 2.71 2.58 4.11 
FeO 7.48 8.17 9.74 10.99 8.16 5.80 2.42 6.36 2.13 0.81 1.71 2.09 3.07 2.78 0.52 
MnO 0.16 0.16 0.18 0.19 0.14 0.13 0.07 0.13 0.04 0.04 0.05 0.05 0.08 0.08 0.03 
MgO 10.22 14.60 8.14 7.60 8.39 8.81 1.49 5.63 0.58 0.35 0.98 0.68 1.21 1.13 0.54 
Cao 12.03 9.58 11.97 11.22 11.19 12.38 7.91 10.18 2.01 1.35 2.84 2.19 2.89 3.27 0.53 
Na20 1.75 1.63 2.00 2.09 1.87 1.22 6.31 3.53 2.45 2.64 2.35 2.62 2.61 2.47 0.33 
K20 0.15 0.33 0.08 0.19 0.64 1.11 0.92 0.75 4.49 5.51 4.66 4.89 4.37 4.04 10.76 
P205 0.06 0.07 0.07 0.09 0.30 0.14 0.38 0.25 0.13 0.06 0.17 0.17 0.24 0.25 0.08 
LOI 2.31 1.81 1.04 1.12 1.14 3.35 0.71 1.46 0.86 1.06 1.79 1.37 1.94 1.68 1.11 
Rest 0.22 0.32 0.14 0.19 0.27 0.22 0.23 0.21 0.25 0.46 0.33 0.31 0.39 0.35 0.33 
Total 99.65 99.59 100.11 100.18 99.60 99.78 100.37 100.19 100.00 99.90 100.01 100.09 100.11 100.05 100.34 
Trace element (ppm) 
Ba 45 154 49 114 227 308 42 40 578 1277 1222 918 1486 1200 1152 
Ce 7 13 11 30 40 22 123 51 135 351 115 117 78 119 173 
Cr 620 855 115 229 728 387 9 169 11 2 8 7 19 11 5 
Cs <3 5 <3 <3 <3 5 <3 <3 3 <3 4 7 5 <3 4 
Cu 142 157 85 56 75 87 7 <l 2 3 7 8 13 IO 1 
Ga 16 14 17 21 16 16 18 18 18 19 19 18 19 19 10 
La <2 12 4 12 17 9 70 28 81 226 65 64 46 64 87 
Li 6 7 6 4 8 20 10 5 33 8 15 28 20 12 10 
Mn 1397 1427 1612 1665 1222 1206 572 1130 369 280 484 444 706 645 163 
Nb 2 <2 <2 6 7 4 26 10 17 29 13 16 19 16 15 
Nd <2 6 9 23 19 14 48 19 55 96 48 48 40 51 67 
Ni 262 665 77 70 120 87 6 66 5 2 5 4 9 5 4 
Pb <2 <2 <2 3 7 IO 21 33 26 94 22 32 24 27 28 
Rb 5 15 <l <l 20 60 18 11 245 320 175 264 182 192 349 
Sc 48 31 52 57 40 48 24 36 9 3 II 9 14 16 6 
Sr 82 131 103 124 216 321 305 382 87 278 203 125 196 209 69 
Th <2 <2 <2 <2 <2 <2 25 9 34 131 16 40 13 21 67 
u <0.5 <0.5 <0.5 <0.5 1 1 7 10.5 3.5 6 2.5 3.5 3 2.5 5.5 
v 259 232 279 315 203 197 109 232 28 13 50 35 57 60 27 y 26 20 22 58 18 11 61 28 31 38 35 43 37 40 24 
Zn 63 74 80 103 86 65 38 62 55 43 59 56 85 76 19 
Zr 49 47 42 52 I08 31 424 114 198 266 290 325 475 333 244 ....... 00 
w 
Appendix 2: XRF data 
Code No. 5.1 5.1 5.1 5.1 5.2 5.2 5.2 6 6 6 7.1 7.2 7.2 8 8 
ANU Number 89-485 89-488 89-491 89-498 89-487 89-490 89-502 89-492 89-497 89-494 89-510 89-507 89-511 89-505 89-524 
BMR Number 89095510 89095513 89095516 89095521 89095512 89095515 89005526 89095517 89095520 89095519 89095533 89005530 89095534 89095528 89095543 
Major element (wt%) 
Si02 67.43 71.31 66.21 72.00 73.59 66.11 70.12 63.58 67.41 65.73 70.89 71.16 74.93 68.00 72.77 
Ti02 0.65 0.57 0.92 0.36 0.20 0.80 0.36 1.00 0.86 0.56 0.63 0.32 0.07 0.41 0.21 
Al203 14.42 12.93 14.21 13.20 13.36 14.26 14.39 14.27 13.70 15.11 12.71 14.40 13.69 16.08 14.73 
Fe203 2.06 1.58 2.59 I.33 0.80 2.41 1.20 2.64 2.06 2.02 2.38 1.03 0.44 1.34 0.78 
FeO 2.47 2.06 3.30 1.58 0.89 2.93 1.20 4.71 4.02 2.73 2.83 1.11 0.39 2.04 0.79 
MnO 0.07 0.05 0.09 0.05 0.03 0.09 0.04 0.09 0.08 O.o7 0.08 O.Q3 0.04 0.04 0.03 
MgO 0.91 0.62 1.26 0.51 0.25 1.16 0.65 2.28 1.74 2.28 0.95 0.53 0.13 0.95 0.48 
Cao 3.14 1.90 3.64 1.52 1.16 3.30 1.37 3.82 3.15 4.32 2.40 1.78 1.54 3.32 2.08 
Na20 2.69 2.37 2.58 2.22 2.66 2.58 2.67 2.16 1.83 2.56 2.81 3.13 3.06 4.24 4.53 
K20 4.61 5.30 3.94 5.08 5.90 4.48 5.94 2.91 2.92 2.89 2.76 5.07 4.98 1.86 2.28 
P205 0.19 0.15 0.29 0.12 0.05 0.25 0.15 0.26 0.21 0.15 0.15 0.10 0.03 0.15 0.07 
LOI 1.11 1.13 1.00 I.73 0.93 1.17 1.61 2.08 1.77 1.44 1.19 0.96 0.47 1.32 1.19 
Rest 0.36 0.30 0.37 0.30 0.28 0.36 0.33 0.28 0.29 0.25 0.29 0.36 0.25 0.33 0.26 
Total 100.11 100.27 100.40 100.00 100.10 99.90 100.02 100.08 100.04 100.11 IOO.Q7 99.98 100.02 100.08 100.20 
Trace element (ppm) 
Ba 1315 880 1430 800 757 1144 863 827 909 631 752 1282 1022 1096 505 
Ce 118 69 80 178 138 126 203 78 90 68 75 163 31 64 48 
Cr 10 6 13 7 <l 11 5 50 49 55 26 6 1 3 4 
Cs 7 4 5 <3 6 4 <3 9 <3 8 5 <3 <3 <3 <3 Cu 9 7 8 <l <l 5 2 22 34 18 9 <l <l 8 <l 
Ga 18 18 19 19 17 20 19 22 21 19 20 21 15 21 22 
La 68 38 40 91 77 69 Ill 39 46 36 40 101 18 39 23 
Li 13 22 26 16 22 20 20 36 32 24 33 18 10 34 33 
Mn 601 418 643 448 220 702 349 834 722 626 708 286 298 349 278 
Nb 16 17 13 19 15 16 12 14 18 10 15 12 6 6 6 
Nd 52 32 35 75 46 56 71 35 43 28 35 51 12 23 16 
Ni 5 4 6 3 2 5 3 20 18 20 10 4 <l 3 2 
Pb 32 27 22 40 38 31 58 17 23 21 18 34 33 16 17 
Rb 217 296 144 230 322 220 262 162 110 148 168 195 154 110 98 Sc 14 10 14 7 5 19 4 21 19 16 18 5 4 6 5 Sr 205 103 236 178 88 196 163 199 204 252 100 276 227 630 509 Th 25 22 8 28 58 15 110 12 19 14 10 42 7 11 9 u 4.5 2.5 2.5 0.5 7.5 3 5.5 2.5 2.5 2 4.5 3.5 0.5 <0.5 I v 48 31 70 23 8 62 22 133 90 99 45 23 5 37 15 y 42 48 27 27 32 51 15 26 20 20 31 12 11 7 12 Zn 67 53 81 87 24 80 43 98 96 64 85 46 13 60 40 Zr 302 316 356 228 175 337 294 237 204 146 314 236 66 200 117 ........ 00 
.j:::.. 
Appendix 2: XRF data 
Code No. 8 8 8.2 9.1 9.1 9.2 10 11 11 11 11 11 12 13 13 
ANUNumber 89-525 89-526 89-504 89-512 89-522 89-523 89-529 89-514 89-515 89-516 89-517 89-518 89-527 89-534 89-535 
BMR Number 89095544 89095545 89095527 89095535 89095541 89095542 89915781 89095536 89095537 89095538 89095539 89095540 89095546 89095551 89095552 
Major element (wt%) 
Si02 72.70 70.63 70.39 69.87 68.42 67.84 74.66 75.20 70.29 77.67 70.44 71.99 75.62 63.23 69.26 
Ti02 0.12 0.23 0.36 0.38 0.43 0.73 0.29 0.27 0.45 0.04 0.45 0.32 0.23 1.24 0.46 
A1203 14.83 16.11 14.40 14.63 15.10 13.94 13.32 12.75 13.76 12.13 13.87 14.03 12.08 13.78 14.69 
Fe203 0.71 0.61 1.73 1.40 1.93 2.52 0.99 0.92 2.12 0.48 1.80 1.32 1.19 2.74 1.26 
FeO 0.53 1.11 0.75 1.08 1.16 1.93 0.32 0.50 1.13 0.15 1.51 0.94 0.89 4.91 1.66 
MnO 0.03 0.01 0.04 0.06 0.08 0.08 0.05 0.09 0.12 0.05 0.11 0.12 0.03 0.12 0.03 
MgO 0.31 0.81 0.65 0.79 0.92 1.09 0.82 0.30 1.02 0.33 1.04 0.76 0.33 1.77 0.75 
CaO 1.12 4.40 1.38 2.41 2.61 2.54 3.17 1.17 2.21 0.85 2.26 1.68 1.19 4.70 2.18 
Na20 4.52 3.80 2.65 3.29 3.47 3.09 3.14 3.10 2.75 2.09 2.66 2.89 2.63 2.48 2.99 
K20 3.65 1.14 5.98 4.59 4.40 4.62 5.48 4.72 4.40 4.74 4.20 4.54 4.56 3.13 4.83 
P205 0.05 0.02 0.15 0.11 0.12 0.20 0.05 0.05 0.12 0.08 0.12 0.10 0.06 0.40 0.15 
LOI 1.19 0.94 1.38 1.05 0.96 1.10 0.59 0.82 1.30 1.01 1.24 1.12 0.97 1.34 1.21 
Rest 0.28 0.20 0.29 0.27 0.27 0.32 0.22 0.28 0.27 0.30 0.27 0.25 0.24 0.33 0.40 
Total 100.04 100.01 100.15 99.93 99.87 100.00 100.11 100.17 99.94 99.92 99.97 100.06 100.02 100.17 99.87 
Trace element (ppm) 
Ba 1098 297 970 777 713 955 773 624 663 1303 634 565 293 1194 1462 
Ce 38 30 18 64 76 103 122 106 86 42 82 58 94 108 211 
Cr 1 13 5 3 5 13 1 3 20 3 22 13 7 15 8 
Cs <3 <3 <3 13 12 15 10 25 9 <3 20 22 15 <3 3 
Cu 9 2 19 12 9 14 2 8 21 8 15 16 <1 12 6 
Ga 18 20 18 15 17 18 15 14 16 12 16 15 16 20 19 
La 20 19 11 35 40 51 50 56 41 22 42 35 48 58 129 
Li 11 7 13 23 30 28 7 31 36 4 40 28 44 26 16 
Mn 328 95 138 574 745 737 365 746 1049 435 977 1007 309 976 291 
Nb 7 9 6 12 13 19 13 23 19 6 18 17 15 19 11 
Nd 14 10 7 24 30 44 41 48 36 18 37 26 43 50 65 
Ni 2 9 4 3 3 7 2 2 12 2 11 8 4 8 5 
Pb 20 17 44 26 27 31 30 39 34 42 33 37 33 20 28 
Rb 116 55 163 221 225 226 239 272 238 137 224 256 321 123 175 
Sc 2 5 4 7 9 12 5 10 13 4 13 9 8 23 4 
Sr 358 469 388 214 218 158 107 67 111 248 112 103 44 231 310 
Th 7 6 4 24 31 27 25 25 21 11 21 17 37 14 48 
u 2.5 1 1.5 4.5 2.5 5.5 3 3.5 7 <0.5 4 3.5 4.5 3.5 1.5 
v 6 25 8 33 40 53 7 7 47 5 47 35 14 97 37 y 13 2 5 32 35 53 50 65 43 29 42 36 64 45 9 
Zn 27 27 24 42 51 70 43 49 61 22 59 47 30 106 54 
Zr 90 141 156 162 194 315 206 181 188 61 173 126 144 340 329 
-00 Vi 
Appendix 2: XRF data 
CcxieNo. 14 15.1 15.1 15.1 15.1 15.1 15.1 15.2 15.2 15.3 16 16 17 17 17 
ANUNurnber 89-538 89-541 89-543 89-546A 89-547 89-548A 89-548B 89-540 89-542 89-544 89-551 89-553 89-552 89-554 89-556 
BMRNurnber 89095553 89095555 89095557 89095559 89095560 89095561 89095562 89095554 89095556 89095558 89095564 89095566 89095565 89095567 89095569 
Major element (wt%) 
Si02 72.65 58.96 70.02 71.68 67.28 72.05 70.66 72.98 69.97 56.51 64.49 69.63 66.43 68.15 67.09 
Ti02 0.17 1.13 0.39 0.33 0.51 0.32 0.40 0.22 0.34 0.66 0.94 0.48 0.89 0.79 0.84 
A1203 14.33 16.33 14.10 13.45 14.76 14.02 13.88 13.68 14.62 17.78 14.42 13.79 14.15 13.31 13.18 
Fe203 0.83 3.84 1.73 1.49 2.17 1.56 1.75 1.13 2.07 4.86 3.08 2.03 1.20 2.61 2.97 
FeO 0.67 4.28 1.49 0.74 1.87 0.65 1.02 0.43 1.10 2.01 3.25 1.78 4.71 2.64 3.79 
MnO 0.04 0.15 0.11 0.05 0.12 0.04 0.05 0.03 0.04 0.29 0.09 0.06 0.05 0.08 0.08 
MgO 0.58 2.40 0.85 0.66 1.08 0.58 0.80 0.34 0.77 4.03 1.29 0.57 2.99 1.02 1.23 
Cao 2.01 3.85 1.64 1.36 2.02 1.98 2.29 1.44 2.52 5.57 3.52 1.81 0.91 2.76 2.57 
Na20 4.08 2.87 2.78 2.40 3.10 3.45 3.76 2.45 3.32 3.58 2.57 2.67 2.20 2.43 2.55 
K20 2.84 3.32 4.95 5.57 4.98 4.06 3.60 5.46 2.97 2.01 4.20 5.57 4.45 4.39 4.04 
P205 0.05 0.39 0.16 0.08 0.22 0.13 0.17 0.06 0.11 0.17 0.34 0.12 0.12 0.19 0.18 
LOI 1.40 2.07 1.32 1.97 1.77 0.90 1.22 1.20 1.85 2.16 1.56 1.19 1.64 1.49 1.40 
Rest 0.32 0.41 0.27 0.29 0.28 0.25 0.26 0.35 0.37 0.26 0.36 0.36 0.26 0.29 0.35 
Total 99.97 100.00 99.81 100.07 100.16 99.99 99.86 99.77 100.05 99.89 100.11 100.06 100.00 100.15 100.27 
Trace element (ppm) 
Ba 1404 1448 660 916 708 624 587 1514 1413 406 1040 393 620 666 1099 
Ce 48 157 77 135 106 61 82 122 159 64 225 393 102 105 100 
Cr 3 50 14 16 19 5 7 4 7 93 11 6 34 15 29 
Cs <3 8 16 5 21 4 <3 3 <3 29 3 4 <3 10 5 
Cu <1 39 4 3 6 7 4 2 1 1 12 2 <1 12 19 
Ga 16 24 16 16 17 20 20 16 19 21 23 20 22 20 21 
La 27 81 39 79 50 25 44 70 90 34 120 219 53 58 52 
Li 8 79 62 21 54 29 41 16 33 77 17 16 38 26 16 
Mn 312 1281 898 437 1055 310 469 223 406 2703 740 445 335 657 731 
Nb 6 25 27 13 25 8 11 9 12 5 23 32 15 16 21 
Nd 14 71 34 53 47 21 30 45 57 26 96 125 45 44 48 
Ni 3 22 7 7 9 4 5 2 5 32 6 4 14 7 10 
Pb 38 18 34 37 34 21 22 36 24 14 25 46 15 26 25 
Rb 75 170 276 237 266 131 136 178 132 158 228 484 194 242 171 
Sc 4 20 10 5 10 4 5 3 7 21 19 18 13 14 21 
Sr 405 364 176 127 202 347 379 217 251 427 181 65 61 95 102 
Th 10 24 19 40 20 7 16 47 55 9 30 132 30 27 17 
u 1 2 3.5 5 11.5 3.5 6.5 2.5 5.5 2 1 21.5 4.5 6.5 3.5 
v 12 104 31 30 43 27 34 12 29 144 52 14 66 49 45 y 7 37 42 23 38 13 13 15 42 17 65 64 48 56 67 
Zn 35 104 39 38 49 44 60 22 39 127 92 46 45 70 92 
Zr 109 361 161 251 191 118 137 188 296 129 355 479 268 283 506 ....... 00 
0\ 
Appendix 2: XRF data 
Code No. 17 17 17 18 19 19 20.1 20.1 20.1 20.2 21 21 21 21 21 
ANUNumber 89-558 89-559 89-560 89-557 89-563 89-564 89-565 89-567 89-568 89-566 89-493 89-499 89-530 89-508 89-531 
BMRNumber 89095571 89095572 89095573 89095570 89095574 89095575 89095576 89095578 89095579 89095577 89095518 89095522 89095547 89095531 89095548 
Major element (wt%) 
Si02 71.34 72.53 69.02 73.73 68.09 69.48 64.32 65.00 67.38 72.79 72.11 71.58 67.78 73.25 69.98 
Ti02 0.50 0.42 0.69 0.41 0.56 0.49 0.71 0.62 0.53 0.21 0.16 0.20 0.77 0.31 0.41 
Al203 13.13 13.02 13.48 12.15 14.09 13.78 15.63 15.44 14.98 14.01 14.14 14.00 14.30 12.83 14.76 
Fe203 1.42 1.17 2.76 1.85 1.89 1.83 2.42 2.41 1.82 0.86 0.84 0.92 2.12 1.13 1.10 
FeO 2.00 1.59 2.01 1.42 2.29 1.91 2.88 3.16 2.98 0.83 0.46 0.98 3.13 0.86 1.35 
MnO 0.05 0.04 0.05 0.02 0.03 0.04 0.08 0.09 0.09 0.03 0.02 0.04 0.07 0.04 0.03 
MgO 0.76 0.53 1.04 0.30 0.72 0.67 1.64 1.25 0.87 0.67 0.32 0.28 1.15 0.57 0.65 
Cao 1.64 1.66 2.31 1.38 1.63 1.23 1.71 2.98 2.38 1.47 1.52 1.54 2.79 1.60 1.81 
Na20 2.55 2.64 2.67 2.23 2.43 2.51 2.75 3.34 3.36 2.92 2.03 2.10 2.38 2.52 2.58 
K20 5.18 5.15 3.97 5.43 6.07 5.41 5.56 3.32 3.58 4.77 6.98 6.76 3.85 4.86 5.38 
P205 0.12 0.10 0.16 O.D7 0.25 0.23 0.20 0.22 0.22 0.06 0.07 O.D7 0.23 0.09 0.14 
LOI 1.15 0.97 1.36 1.01 1.67 1.86 1.70 1.93 1.74 1.02 1.11 1.42 1.35 1.68 1.46 
Rest 0.27 0.24 0.28 0.25 0.37 0.37 0.35 0.27 0.28 0.31 0.25 0.32 0.32 0.26 0.38 
Total 100.11 100.06 99.80 100.25 100.09 99.81 99.95 100.03 100.21 99.95 100.01 100.21 100.24 100.00 100.03 
Trace element (ppm) 
Ba 611 537 661 504 679 546 964 660 657 1089 928 1172 1000 751 1236 
Ce 107 81 101 64 296 305 129 119 112 129 63 104 128 104 233 
Cr 11 8 16 4 5 4 42 14 10 6 2 <1 23 3 5 
Cs 10 12 8 <3 4 <3 17 8 9 8 <3 <3 6 <3 <3 
Cu 4 <1 <1 <1 10 6 22 12 11 1 20 <1 13 <1 7 
Ga 17 16 19 17 21 22 22 24 22 15 18 18 21 15 23 
La 58 44 56 41 147 155 66 60 59 71 41 60 79 60 135 
Li 22 25 22 8 31 23 114 58 68 42 7 13 27 11 20 
Mn 419 357 421 121 230 276 720 804 736 302 146 270 631 325 193 
Nb 14 13 16 7 34 41 22 18 18 15 7 15 16 7 12 
Nd 40 34 42 25 121 125 53 54 50 47 22 38 66 39 76 
Ni 6 5 8 3 4 2 17 7 6 5 3 3 8 2 3 
Pb 26 29 22 17 20 24 33 20 25 45 73 52 28 28 47 
Rb 297 298 227 239 440 491 348 190 217 216 199 277 192 164 223 
Sc 8 8 12 3 10 10 16 16 16 8 4 5 17 4 4 
Sr 81 73 123 83 95 65 173 121 95 128 196 191 197 181 207 
Th 30 25 30 37 94 103 26 25 27 48 29 68 27 23 114 
u 7 7 3.5 3 8.5 7.5 6 5 4.5 7 3.5 5.5 2 3.5 2.5 
v 29 24 41 11 36 27 71 39 25 19 13 9 61 21 28 y 43 37 49 13 71 112 42 70 81 25 9 26 28 10 7 
Zn 48 40 53 23 20 23 72 82 72 23 19 46 80 44 53 
ll 218 177 254 321 467 421 257 281 312 201 102 134 206 157 279 >-' 00 
-.I 
Appendix 2: XRF data 
Ccx!e No. 21 21 21 21 
ANUNumber 89-532A 89-533A 89-550 89-555 
BMRNumber 89095549 89()()5550 89095563 89095568 
Major e/emen.t (wt%) 
Si02 69.97 64.77 76.75 75.27 
Ti02 0.49 0.89 0.14 0.28 
Al203 13.77 14.93 11.91 12.14 
Fe203 1.78 3.06 0.83 1.04 
FeO 2.27 2.98 0.67 1.00 
MnO 0.06 0.09 0.03 0.02 
MgO 0.58 1.45 0.18 0.20 
Cao 2.16 4.06 0.84 1.10 
Na20 2.38 2.96 2.46 2.36 
K.20 4.88 3.53 5.21 5.49 
P205 0.18 0.30 0.03 0.06 
LOI 1.06 1.24 0.73 0.80 
Rest 0.39 0.32 0.20 0.29 
Total 99.97 100.58 99.98 100.05 
Trace e/emen.t (ppm) 
Ba 970 1018 148 872 
Ce 332 105 57 103 
Cr 6 11 3 2 
Cs 7 <3 <3 <3 
Cu 7 8 2 <1 
Ga 22 22 16 16 
La 181 57 28 55 
Li 28 29 22 12 
Mn 471 750 257 164 
Nb 26 15 5 8 
Nd 147 46 24 39 
Ni 3 6 2 2 
Pb 34 24 38 24 
Rb 302 179 260 230 
Sc 11 15 3 5 
Sr 151 252 31 60 
Th 47 17 27 27 
u 4 3.5 2 2 
v 24 71 6 4 
y 70 36 43 16 
Zn 85 88 21 27 
Zr 329 295 95 222 
-00 
00 
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APPENDIX 3 
REE data (in ppm) for selected samples from the Arunta Inlier. Sample localities refer to 
Appendix 1. All data measured by isotope dilution method as described in Appendix 5. 
REE data for the amphibolites in the Alice Springs region, the 1080 Ma and -800 Ma 
dyke swarms in central Australia have been shown in relevant chapters and will not be 
listed here. REE data for the Amadeus Basin sediments shown in Appendix 8. n.d. - not 
determined; dupl. - duplicate; RPM - Randall Peak Metamorphics. 
Stratigraphic Unit Sample La Ce Nd Sm Eu Gd Dy Er Yb Lu 
Alice Springs Granite 89-505 48.85 81.19 28.59 3.77 0.942 2.29 1.30 0.61 0.55 0.084 
Alice Springs Granite 89-524 32.89 66.03 22.79 3.44 0.639 2.27 1.60 0.82 0.77 0.113 
Alice Springs Granite 89-525 26.06 42.76 16.75 2.66 0.616 2.00 1.78 1.05 1.03 0.160 
Alice Springs Granite 89-526 22.22 37.78 12.85 1.91 1.181 1.20 0.47 0.19 0.24 0.292 
Atnarpa Igneous Complex 89-538 41.55 64.33 20.08 2.52 0.622 1.54 0.93 0.50 0.53 0.084 
Atneequa Granitic Complex 89-542 103.75 181.13 65.07 11.03 1.501 8.68 6.50 3.34 3.02 0.568 
Atneequa Granitic Complex 89-543 47.41 97.63 42.30 7.97 1.307 6.61 6.54 3.95 3.87 0.584 
Boggy Hole Gneiss 89-517 40.60 84.72 35.06 6.90 1.203 6.20 6.35 3.82 3.57 0.516 
Burt Bluff Gneiss 89-512 34.12 69.52 28.33 5.31 1.047 4.72 4.53 2.85 2.94 0.449 
Burt Bluff Gneiss 89-522 40.40 80.42 32.15 6.00 l.153 5.27 5.27 3.33 3.44 0.532 
Burt Bluff Gneiss 89-523 47.31 103.63 44.03 8.69 1.625 8.10 8.04 4.97 4.95 0.742 
Rungutjirba Gneiss 91-554 25.96 56.05 23.05 4.43 1.000 3.86 3.60 2.19 2.10 0.289 
Rungutjirba Gneiss 89-529 41.83 n.d. 33.82 6.72 0.946 5.70 6.24 4.14 4.49 0.655 
Dneiper Granite 89-554 50.48 100.94 45.85 9.37 1.699 9.13 9.11 5.38 5.03 0.742 
Gum Tree Granite 89-477 223.45 365.85 96.26 11.43 1.803 7.20 6.10 3.45 3.33 0.467 
Jennings Granitic Gneiss 89-487 80.68 152.30 52.11 8.74 0.881 7.06 5.48 2.53 2.25 0.337 
Jennings Granitic Gneiss 89-488 36.30 71.71 32.92 7.37 1.366 7.42 7.42 4.35 3.80 0.546 
Tonalitic Gneiss of RPM 89-492 41.93 81.09 35.00 6.44 1.469 5.56 4.51 2.52 2.32 0.348 
Jervois Granite 89-565 94.01 166.57 70.87 11.89 2.070 8.95 6.84 3.43 3.15 0.467 
Jessie Gap Gneiss 89-510 39.60 72.10 33.58 6.31 1.657 5.78 4.87 2.63 2.45 0.370 
Jessie Gap Gneiss 89-511 16.89 31.40 11.61 2.05 0.806 1.69 1.51 1.05 1.17 0.177 
Mount Swan Granite 89-553 n.d. 394.87 123.31 17.59 1.414 12.37 10.26 5.98 5.95 0.923 
Mount Swan Granite 89-553 dupl 229.03 396.37 125.06 17.74 1.414 12.41 10.36 5.96 5.92 0.911 
undifferentiated amphibolite 89-500B 25.24 53.56 21.83 4.19 1.127 4.09 4.02 2.44 2.34 0.357 
Attutra Metagabbro 85094268 8.98 21.22 13.48 4.04 1.360 5.40 6.56 4.29 3.89 0.568 
Attutra Metagabbro 85094269A 3.01 7.36 5.12 1.61 0.681 2.17 2.69 1.74 1.57 0.224 
undifferentiated dyke 89-489 15.72 32.01 15.50 3.13 1.068 3.04 2.80 1.59 1.41 n.d. 
Johannsen Metagabbro 89-478 3.49 9.76 6.90 2.23 0.780 3.08 3.73 2.43 2.30 n.d. 
._... 
'° 0 
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APPENDIX 4 
Sm-Nd isotopic data for samples from the Arunta Inlier. Sample localities refer to 
Appendix 1. Sample names and localities for the Atnarpa Igneous Complex except for 
89-538 refer to Zhao and Cooper (1992a,b). Sample 84094037, 84914130, 84904099, 
84904050, 85094141A, 84924126, 85094268, 85094269A were provided by Gladys 
Warren of the BMR and the localities given in Warren (1989). Sm-Nd isotopic data for 
other samples such as the amphibolites in the Alice Springs region, the 1080 Ma and 
-800 Ma dyke swarms in central Australia are shown in relevant chapters and therefore 
not listed here. Sm-Nd data for the Amadeus Basin sediments are shown in Appendix 8. 
Spikes used are: 1 for ANU-1 and 2 for ANU-2. Refer to Appendix 5 for analytical 
procedures. 143Nd/144Nd refers to measured ratios which are normalised to 
146Nd/144Nd = 0.7219. 
£Nct(T) and ENct(O) are calculated using: 
CNct(T) = [ (143NdJ144Nd)sAMPLECn - l] x 104 
(143Nd/144Nd)cHoNDRITE(T) 
where the present day chondritic 143NdJ144Nd = 0.51265, 147SrnJ144Nd = 0.1967 and 
T = U-Pb zircon ages. 
~M are calculated using: 
~ _ l ln { l + (143Nd/144Nd)m _ (143Nd/144Nd)oM } 
DM - /... (147srnJI44Nd)m _ (147Sm/144Nd)oM 
where (143Nd/144Nd)m (147Sm/144Nd)m are measured ratios given in the table, and 
(143NdJ144Nd)oM = 0.513163, and (147SrnJ144Nd)oM = 0.225 which are the present-day 
N-type MORB values. 
Stratigraphic Unit Sample Spike Sm (ppm) Nd (ppm) 147 s m/144N d 143Nct;144Nd ± ENd(O) ~~(Ma) U-Pb Ages ENd(f) 2cr (Ma) 
Granitoids 
tonalite of Atnarpa GDTT 87064 3.82 21.29 0.1086 0.511374 6 -24.89 2332 1879 -3.76 
trondhjemite of Atnarpa TTG 87106 3.63 23.96 0.0915 0.511151 7 -29.24 2287 1873 -4.09 
Atnarpa younger tonalite 88002 3.00 22.86 0.0793 0.511228 6 -27.74 2017 1752 -1.49 
Atnarpa younger tonalite 89-538 2 2.52 20.08 0.0759 0.511238 8 -27.54 1961 1752 -0.53 
Atnarpa muscovite granite 88091 2 1.21 4.47 0.1639 0.512239 7 -8.02 2294 1750 -0.69 
Atnarpa muscovite granite 88099 2 4.26 26.33 0.0979 0.511484 6 -22.74 2006 1750 -0.67 
Alice Springs Granite 89-505 2 3.77 28.59 0.0797 0.511217 6 -27.95 2034 1752 -1.79 
Alice Springs Granite 89-524 2 3.44 22.79 0.0912 0.511303 7 -26.28 2111 1752 -2.69 
Alice Springs Granite 89-525 2 2.66 16.75 0.0961 0.511244 7 -27.43 2259 1752 -4.93 
Alice Springs Granite 89-526 2 1.91 12.85 0.0898 0.511238 6 -27.54 2161 1752 -3.64 
Atneequa Granitic Complex 89-542 2 11.03 65.07 0.1025 0.511575 6 -20.97 1969 1762 0.22 
Atneequa Granitic Complex 89-543 2 7.97 42.30 0.1139 0.511662 6 -19.27 2052 1762 -0.66 
Boggy Hole Gneiss 84094037 5.29 32.32 0.0990 0.511468 6 -23.06 2043 1648 -2.51 
Boggy Hole Gneiss 89-515 7.35 37.88 0.1173 0.511693 6 -18.67 2073 1648 -1.97 
Boggy Hole Gneiss 89-517 2 6.90 35.06 0.1189 0.511727 8 -18.00 2055 1648 -1.64 
Burt Bluff Gneiss 89-512 2 5.31 28.33 0.1133 0.511822 5 -16.15 1825 1603 0.91 
Burt Bluff Gneiss 89-522 2 6.00 32.15 0.1129 0.511829 6 -16.01 1808 1603 1.14 
Burt Bluff Gneiss 89-523 2 8.69 44.03 0.1193 0.511966 7 -13.34 1722 1603 2.49 
Rungutjirba Gneiss 91-554 2 4.43 23.05 0.1163 0.511866 IO -15.29 1813 1615 1.29 
Rungutjirba Gneiss 89-529 2 6.72 33.82 0.1201 0.511912 27 -14.40 1813 1615 1.38 
Flint Spring Gneiss 89-534 9.94 52.05 0.1155 0.511572 7 -21.03 2206 1771 -2.68 
Flint Spring Gneiss 89-535 8.32 67.40 0.0746 0.511123 6 -29.79 2060 1771 -2.20 
Geogina Gap Granite 89-480 9.42 54.92 0.1037 0.511447 6 -23.47 2148 1771 -2.45 
Jennings Granitic Gneiss 89-487 2 8.74 52.11 0.1014 0.511387 7 -24.64 2182 1771 -3.IO 
Jennings Granitic Gneiss 89-488 2 7.37 32.92 0.1354 0.511748 6 -17.59 2396 1771 -3.74 
tonalitic gneiss of RPM 89-492 2 6.44 35.00 0.1111 0.511433 6 -23.74 2305 1771 -4.39 
Jessie Gap Gneiss 89-5IO 2 6.31 33.58 0.1137 0.511547 7 -21.52 2203 1747 -3.00 
Jessie Gap Gneiss 89-511 2 2.05 11.61 0.1068 0.511446 IO -23.49 2205 1747 -3.44 
....... 
\0 
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Unit Sample Spike Sm (ppm) Nd (ppm) 147sm;l44Nct 143Nd/144Nd ± ENd(O) ~M(Ma) U-Pb Ages ENd(T) 2a (Ma) 
Oolbra Orthogneiss 89-476 1 9.21 53.76 0.1036 0.511476 5 -22.90 2110 1770 -1.87 
Gum Tree Granite 89-477 2 11.43 96.26 0.0718 0.511374 13 -24.89 1775 1726 2.63 
Willuma Granitoid 84914130 1 ·14.37 92.85 0.0936 0.511412 6 -24.15 2024 1726 -1.44 
Copia Granite 84904099 8.37 47.06 0.1075 0.511538 6 -21.69 2100 1771 -1.53 
Dneiper Granite 89-552 1 12.43 67.50 0.1113 0.511613 7 -20.23 2071 1771 -0.94 
Dneiper Granite 89-554 2 9.37 45.85 0.1236 0.511740 8 -17.75 2130 1771 -1.22 
Jervois Granite 89-565 2 11.89 70.87 0.1014 0.511449 6 -23.43 2105 1771 -1.88 
Jervois Granite 89-567 11.14 51.78 0.1301 0.511824 6 -16.11 2142 1771 -1.06 
Jinka Granite 89-563 1 24.30 150.66 0.0975 0.511434 7 -23.72 2059 1713 -2.03 
Mount Ida Granite 84904050 1 6.64 34.50 0.1163 0.511621 6 -20.07 2153 1713 -2.49 
Mount Swan Granite 89-553 2 17.59 123.20 0.0863 0.511325 6 -25.85 2013 1713 -1.71 
Mount Swan Granite 89-553 dup 2 17.74 125.06 0.0857 0.511326 8 -25.83 2004 1713 -1.57 
Mount Swan Granite 89-551 15.81 88.86 0.1076 0.511524 6 -21.96 2120 1713 -2.48 
Barrow Creek Granite 85094141A 8.35 44.35 0.1139 0.511560 7 -21.26 2190 1713 -3.15 
Possum Chamokite 84924126 11.13 52.67 0.1277 0.511705 6 -18.43 2275 1758 -2.96 
mafic rocks 
metagabbro of Atnarpa GDIT 87173 9.22 47.51 0.1173 0.511598 7 -20.52 2205 1880 -1.46 
amphibolite of AIC 88008B 3.61 16.82 0.1298 0.511768 7 -17.20 2224 1880 -1.15 
metagabbro of Atnarpa GDIT 88016D 1 2.78 14.11 0.1190 0.511648 7 -19.55 2170 1880 -0.91 
Attutra Metagabbro 850'J4268 2 4.04 13.48 0.1812 0.512510 7 -2.73 2262 1770 0.77 
Attutra Metagabbro 85094269A 2 1.61 5.12 0.1894 0.512546 9 -2.03 2630 1770 -0.39 
Johannsen metagabbro 89-478 2 2.23 6.90 0.1949 0.512732 7 1.60 2175 1760 2.00 
undifferentiated dyke 89-489 1 3.26 16.13 0.1220 0.511742 4 -17.71 2096 1080 -7.42 
undifferentiated amphibolite 89-500B 2 4.19 21.83 0.1159 0.511691 6 -18.71 2049 1770 -0.45 
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APPENDIX 5: ANALYTICAL PROCEDURES 
Major and trace element analysis was carried out in the Bureau of Mineral 
Resources laboratories using X-ray fluorescence spectrometry and the analytical 
procedures are those of Norrish and Chappell (1977). The sample powders were 
prepared at the Research School of Earth Sciences using a jaw crusher and a tungsten 
carbide mill. Normally 2-5 kg WR sample material was jaw-crushed and about 100 mg 
split of the sample fragments was washed using tap water before preparation for powder 
using the tungsten carbide mill. 
Spark source analysis was carried at the Research School of Earth Sciences and 
spark source mass spectrometric procedures are those given in Taylor and Gorton 
(1977). The sample powders for spark source analysis were prepared using an agate 
rather than tungsten carbide mill. Normally 30-50 mg powder was prepared for each 
sample. 
Analytical procedures for whole-rock Sm-Nd isotopes and REE were outlined in 
detail in Appendix 8. Those for mineral separates are given in Appendix 11. Sample 
preparations and analytical procedures for SHRIMP ion probe analysis are outlined in 
Appendix 9. 
Following is an integrated package for measuring REE and Sm-Nd isotopes by 
isotope dilution method using one sample solution. 
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HIGHLY EFFICIENT, PRECISE AND 
ACCURATE DETERMINATION OF REE BY AN ISOTOPE DILLUTION 
METHOD 
Jianxin Zhao 
Precise and accurate measurement of REE concentrations is very important in 
petrogenetic studies. A number of techniques have been developed for determination of 
REE, including NNA, XRF, spark source, ICP-ES, ICP-MS and isotope dilution 
methods. The isotope dilution method is considered to give highest precision and 
accuracy in measuring REE. The disadvantage of this method is that it is time 
consuming and of high cost. 
After a number of painstaking trials in 1990, a new procedure for measuring REE 
has been developed, which, in conjunction with the application of a multi-functional 
ANU-2 spike, a high sensitivity multi-collector MAT-261 mass spectrometer, and a 
package of newly-designed REE monitoring programs, allows a fast and highly precise 
and accurate determination of REE to be done. The main advantage of this procedure is 
that Sm-Nd isotopic compositions and REE concentrations can be measured using the 
same sample solution. This therefore substantially reduces the time spending on column 
separation and isotopic measurement. If taking away the time which must be spent on 
measuring Sm-Nd isotopic compositions, the extra time used for measuring REE is very 
short, normally only 1-2 days for a batch containing 5 samples and 1 blank. 
This procedure has been outlined in a short instruction menu attached below. This 
menu has been used as a guide-line in the Isotope Laboratory. The main characteristics 
of this procedure will be listed as followed: 
(1). Ce is collected and mixed into the HREE fraction containing Er, Yb and Lu. 
Therefore the whole REE is collected into four fractions. A batch of samples will thus 
take two carousal position and can be easily measured for both Sm-Nd isotopic 
compositions and REE concentrations ·within two days. The purpose for making a 
cutoff between Dy and Er is to avoid interference on Yb and Lu from Gd, Tb and Dy 
oxide beams. 
(2). La fraction is loaded on Ta filament using H3P04 as loading agent, which is 
totally different from the previous method used in this lab in which sample is loaded in 
TaF solution onto W filament. The previous method has two drawbacks. First, it is 
difficult to manage as the filament need to be heated up to 3.7 A under laminated air to 
oxidise the sample. Second, using this loading method, 154Ba0 interference on 154La0 
cannot be avoided. However, my method is much more straightforward. The sample is 
dried at lower temperature and oxidised at only -1.9 A. Using this method, a very 
strong 155La0 signal up to 10 V can be obtained easily without discernible BaO 
interference, as BaO emission is substantially buffered. This decoupling behaviour in 
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terms of BaO and LaO emission therefore allows samples with strongly enriched LREE 
to be measured with satisfactory precision and accuracy. 
(3). A trial has been successfully taken in which a Ta double filament containing 
La with a Ta double filament containing Nd was assembled onto one carousal position. 
The La filament was put on the ionisation side, whilst the Nd filament was placed on the 
evaporation side. LaO was measured as a single filament without turning up Nd 
filament current. Once La had been measured, it was burnt off at -3.5-3.7 A. Then Nd 
was measured by taking the La filament as an ionisation filament. Using this method, 
half a dozen carousal positions will be saved and therefore two batches of samples only 
take up 3 carousals and the measurement can be completed within 3 days, i.e. only one 
extra day is needed to measure the REE in addition to Sm-Nd isotopes. 
(4). It has been found that CeO, NdO, SmO, EuO interference( especially CeO and 
NdO) is usually a problem when measuring Gd, Dy and Er. During the first few trials 
early in 1990, this problem was also encountered, although the level of the interfering 
elements is low in the two HREE cuts when being separated using Kel-HDEHP 
columns. Later, it is found that this problem can be effectively solved out by turning 
ionisation filament temperature up to 5.0 A. At this running temperature, the emission 
of CeO, NdO, SmO and EuO can be buffered. 
Following is a brief menu used in the Isotope Laboratory. 
REE ANALYTICAL PROCEDURES BY ISOTOPIC DILUTION 
Jianxin Zhao 
(July, 1990) 
Introduction 
This is only a summary of personal running experiences and is under further tests 
and modifications. So people who are analysing REEs are recommended only to take it 
as a reference. It is necessary that you should explore your own ways because factors 
like chemistry, loading and running conditions can seriously affect the recommended 
procedures. 
Recommended chemistry 
Two kinds of procedures are recommended here. If you are to analyse for REE 
alone, please refer to Procedure One. If you are to analyse for both REE concentrations 
and Sm-Nd isotopic compositions, please refer to Procedure Two. The HDEHP Set 3 
columns have been calibrated for both procedures. 
Procedure One: Using ANU-LR.E Spike 
Collect REE in three cuts: 
Cut 1: La free of Ba and Ce 
Cut 2: Ce, Nd, Sm, Eu 
Cut 3: Gd, Dy, Er, Yb, Lu 
Procedure Two: Using ANU-2 Spike 
Collect REE in four cuts: 
Cut 1: La free of Ba and Ce 
Ce comes out here, put 1-1.5 ml in 
Cut 2: Nd 
Cut 3: Sm, Eu, Gd, Dy 
Cut 4: Er, Yb, Lu, Ce 
Repeat the same procedures for La clean-up. 
Loading conditions 
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For LaO, load your sample in 1-2 µl H3P04 on Ta single filament. Dry it down at 
about lA and then heat it up by steps until it smokes and the filament turns dark (about 
1.9 A). Using this procedure, I can obtain a huge 155La0 beam up to more than 10 V 
without discernible BaO interference. 
You can also load your sample on W singles with H3P04 but the emission is not 
as good. 
It is not recommended to load your sample in TaF solution in terms of inevitable 
BaO interference. There are two possibilities which cause this problem. One is that the 
TaF is not clean and could be contaminated by Ba. The other is that TaF may tend to 
preferentially oxidize the trace amount of Ba too much. You are certainly encouraged to 
implore this problem. 
For all other elements, use the procedures similar to those for Sm-Nd isotopic 
compositions. You can certainly load your samples on Re doubles but no guarantee for 
that. 
Running conditions 
To my knowledge, running conditions varies greatly and might be controlled by 
multiple factors including sample types, chemistry, loading conditions and vacuum 
conditions. 
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For those cuts collected using Procedure One chemistry, running orders are as 
follows: 
CUT2: 
CUT3: 
Eu - (Eu, Ce) - Sm, Nd 
Yb - Dy - Er - Gd - Lu 
For those cuts collected using Procedure Two chemistry, running orders are: 
CUT3: 
CUT4: 
Eu - Sm - Dy - Gd 
Yb - Ce - Er - Lu 
Following table lists normal running conditions and possible interference peaks. 
Element I.F. (A) E.F. (A) Interference Peaks Check 
1.aO 3.0 - 3.2 BaQ154, CeQ154 Bal38, BaQ154, 
CeQI56 
Ce, Eu 3.5-3.8 1.0 - 1.4 Ndl42 Ndl45 
Sm, Nd 3.6-3.8 1.5 - 1.9 
Yb 3.5-3.8 1.2 - 1.6 GdO, but should not appear 
in normal situations 
Dy 4.8-5.0 1.6 - 1.8 NdO, SmO 
Er 4.8-5.0 1.7-1.9 NdO, SmO 
Gd 4.8-5.0 2.2 - 2.4 PrO, CeO, NdO, SmO watch how 
ratios 
change to 
decide which result 
preferred. 
Lu 4.8-5.0 2.7-3.1 TbO,Yb Check Tb metal 
Note: E.F. - evaporation filament, I.F. - ionisation filament. 
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APPENDIX 6 
Summary of major granite suites identified in the Arunta Inlier. Refer to Fig. 3.2 of 
Chapter 3 for full names of 1 :250 000 scale geological maps. TIG - tonalite-
trondhjemite-granodiorite; GDTI - gabbro-diorite-tonalite-trondhjemite; AIC - Atnarpa 
Igneous Complex; EGC - Entia Gneiss Complex. Age (Ma) in the table denotes U-Pb 
zircon ages and their references are: suites of the AIC, Zhao and Cooper (1992); 
Phlogopite Mine tonalite, Black and Shaw (1992); Bruna and Entia Suites, Cooper et al. 
(1988); Haverson, Napperby and Wuluma Suites, Collins (1992); the rest, this study 
(Chapter 4). N.B.: The total area of AIC is about 280 km2, and the proportions of 
individual suites unknown. The total area of the ENC is about 500 km2 with the 
proportion of Entia GDTT suite uncertain. The identification of these granite suites is 
based primarily on their major and trace elements aided in part by their U-Pb zircon ages 
and Nd isotopic compositions. 
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Suites Map Stratigraphic Units Age(Ma) Unit Area Suite Area 
CAT Group 
Atnarpa low-Al ITG Suite AS Part of AIC 1873±11 see N.B. 
Aremra Granodiorite 20 km2 
Atnarpa GDTI Suite Part of AIC 1879±11 see N.B. 
High-Al TIG Suite AS Alice Springs Granite 1751±12 >40 km2 
Atnarpa younger tonalite of AIC 1751±12 see N.B. 
Phlogopite Mine tonalite 1763±2 20 km2 
Entia GDIT Suite IC Huckitta Granodiorite 1766±7 >20 km2 
Inkamulla Granodiorite >8 km2 
Part of EGC 1767±2 see N.B. 
Normal Group 
Haverson Suite N Haverson Granite 1818±8 40 km2 245 km2 
Mount Airy Granite 140 km2 
Y aningidjara Orthogneiss 65 km2 
Jervois Suite HU Jervois Granite 1771±9 365 km2 
Inkamulla Granodiorite >8 km2 
Part of EGC 1767±2 seeN.B. 
Bruna Suite IC Bruna Gneiss 1747±2 265 km2 
Atneequa Suite IC Atneequa Granitic Complex 1762±9 130 km2 
Jennings Suite AS Jennings Granitic Gneiss 1771±9 117 km2 128 km2 
Georgina Gap granite 11 km2 
Jessie Gap Suite AS Jessie Gap Gneiss 1747±9 235 km2 
Oolbra Suite AS Oolbra Orthogneiss 15 km2 15 km2 
Dneiper Suite HU+A Dneiper Granite 1771±15 8 km2 72.5 km2 
Copia Granite 20 km2 
Marshall Granite 33 km2 
Pgg 1.5 km2 
Pgy 6 km2 
Pgc 4 km2 
N apperby Normal Suite N Coase-grained Napperby Orthogneiss 1780±10 485 km2 545 km2 
Boothby Granite 60 km2 
Pgk 1 km2 
Ali Curong Suite BC Ali Curong Complex 55 km2 55 km2 
Woodgreen Suite A Woodgreen Granite 165 km2 165 km2 
Boggy Hole Suite H Boggy Hole Gneiss 1648±10 460 km2 460 km2 
Burt-Rungutjirba Suite AS Burt Bluff Gneiss 1603±7 290 km2 340 km2 
Rungutjirba Gneiss 1615±11 50 km2 
HHP Group 
Mount Swan Suite HU+A Mount Swan Granite 1713±7 310 km2 671 km2 
Mount Ida Granite 60 km2 
Pgk 1 km2 
Jinka suite HU Jinka Granite 300 km2 300 km2 
Barrow Creek Suite BC Barrow Creek Granite 300 km2 300 km2 
Napperby HHP Suite N Fine-grained or microgranite phase of ? ? 
Napperby Orthogneiss 
Wuluma Suite AS Wuluma Granitoid 1726±4 18.5 km2 18.5 km2 
Gumtree Suite AS Gumtree Granite 1.5 km2 1.5 km2 
Anmatjira Suite N Anmatjira Orthgneiss 270 km2 270 km2 
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APPENDIX 7 
Geochemical statistics for groupings of granites in the Arunta Inlier. Data mainly from 
Warren (1989) and this study. See Chapter 6 for detailed description. 
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Statistics for the Calcalkaline-trondhjemitic (CAT) Group of the Arunta 
Granites. Points = number of data in statistics. 
Variable Minimum Maximum Points Mean Median ±cr 
Si02 56.10 77.21 78 70.11 72.37 5.25 
Ti02 O.Ql 0.67 78 0.28 0.25 0.16 
Al203 12.18 17.98 78 14.76 14.61 1.55 
FeO* 0.16 6.66 78 2.43 2.04 1.53 
MnO 0.01 0.15 78 0.05 0.04 0.03 
MgO 0.04 8.12 78 1.34 0.95 1.36 
Cao 0.28 10.32 78 2.71 2.10 1.87 
Na20 1.78 5.32 78 3.99 4.02 0.69 
K20 1.11 6.42 78 2.72 2.44 1.21 
P205 O.Ql 0.22 78 0.08 0.07 0.06 
LOI 0.04 1.85 71 0.82 0.79 0.38 
Total 98.22 100.46 78 99.51 99.45 0.51 
Ba 297 3960 78 1000 951 523 
Ce 7 142 78 59 59 26 
Cr <5 352 72 18 0 59 
Cu <1 62 54 10 8 10 
Ga 11 22 61 16 15 3 
La 7 78 61 30 28 14 
Li 7 56 9 28 33 19 
Nb 0.4 13.1 78 6.3 6.0 2.9 
Nd 53 78 20 19 11 
Ni <2 81 78 10 4 15 
Pb 4 44 61 12 9 8 
Rb 21 163 78 66 55 32 
Sc 0 34 77 8 6 6 
Sr 66 630 78 351 359 161 
Th 4 30 54 14 13 6 
u 1.0 9.9 60 3.8 3.6 1.8 
v 1 190 78 36 24 36 
y 0 33 78 14 12 7 
Zn 4 75 54 23 18 16 
Zr 34 238 78 131 126 51 
Rb/Sr 0.08 0.74 78 0.23 0.18 0.15 
NCNK 0.53 1.23 78 1.04 1.06 0.11 
K/Rb 140 874 77 372 340 136 
HPU 1.06 5.22 53 2.82 2.66 0.88 
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Statisitics for the Normal Group of the Arunta granites. See Chapter 6 for 
detailed description About the Normal Group. 
Minimum Maximum Points Mean Median ±lcr 
Si02 52.20 78.30 162 70.04 70.80 4.48 
Ti02 O.Ql 1.34 162 0.52 0.46 0.28 
A1203 ll.40 19.80 162 13.74 13.50 1.16 
Fe203 0.24 7.78 161 1.73 1.56 0.98 
FeO 0.14 7.27 161 2.16 1.96 1.31 
MnO 0.01 0.29 161 0.06 0.05 0.04 
MgO O.Ql 6.21 162 0.96 0.80 0.76 
Cao 0.26 8.33 162 2.22 2.02 1.13 
Na20 0.68 4.08 162 2.61 2.55 0.55 
K20 0.32 6.98 162 4.46 4.62 1.00 
P205 0.01 0.40 161 0.14 0.13 0.08 
LOI 0.34 3.90 161 1.16 1.09 0.50 
Rest 0.07 0.41 162 0.26 0.25 0.06 
Total 99.30 101.00 162 99.95 100.00 0.26 
Ba 9 1540 162 725 685 310 
Be 1 6 139 3 3 1 
Ce 9 332 162 99 98 43 
Cr 330 152 16 10 30 
Cu 104 142 11 8 12 
Ga 11 26 162 17 17 3 
La 3 181 162 53 51 25 
Li 3 192 161 29 24 22 
Nb 4 27 162 13 13 5 
Nd 9 147 161 39 38 18 
Ni 2 67 151 8 6 7 
Pb 2 122 162 26 26 12 
Rb 6 569 162 230 224 79 
Sc 2 36 158 10 9 6 
Sr 8 427 162 140 llO 84 
Th 2.0 61.0 162 25.2 26.0 10.2 
u 0.5 12.0 159 4.1 4.0 2.0 
v 2 193 158 39 29 32 
y 7 114 161 41 41 20 
Zn 5 230 161 55 51 28 
Zr 27 506 162 229 224 92 
Rb/Sr 0.04 71.10 162 3.04 2.00 5.93 
NCNK 1 2 162 1 0 
K/Rb 83 443 162 172 164 47 
HPU 0.80 6.46 159 4.30 4.37 1.11 
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Statistics for the High-heat-production (HHP) Group of the Arunta granites. 
Chapter 6 for detailed description. 
Minimum Maximum Points Mean Median ±10' 
Si02 67.30 80.00 64 72.09 72.10 2.38 
Ti02 0.06 0.73 64 0.34 0.32 0.14 
Al203 10.30 14.90 64 13.52 13.70 0.79 
Fe203 0.31 4.11 64 1.14 1.03 0.55 
FeO 0.18 2.89 64 1.44 1.35 0.62 
MnO O.Ql 0.07 64 0.03 0.03 O.Ql 
MgO 0.05 1.17 64 0.54 0.50 0.27 
Cao 0.32 2.50 64 1.38 1.36 0.48 
Na20 0.33 3.64 64 2.32 2.31 0.45 
K20 3.13 10.80 64 5.78 5.69 0.91 
P205 O.Ql 0.25 64 0.11 0.11 0.06 
LOI 0.44 1.86 64 1.03 1.00 0.29 
Rest 0.12 0.63 64 0.27 0.27 0.11 
Total 99.20 101.00 64 99.90 100.00 0.28 
Ba 110 2700 64 565 438 447 
Ce 44 433 64 176 176 93 
Cr <2 17 64 4 4 4 
Cu <2 31 64 7 5 7 
Ga 10 23 64 17 17 3 
La 24 274 64 96 95 54 
Li 4 177 64 31 22 35 
Nb 3 43 64 17 15 9 
Nd 14 134 64 62 55 32 
Ni <2 24 64 4 4 4 
Pb 13 94 64 43 42 16 
Pr 5 36 39 18 14 10 
Rb 141 650 64 377 375 105 
Sc 3 13 64 6 6 2 
Sn <2 36 55 8 7 8 
Sr 23 469 64 94 74 75 
Th 19 284 64 84 77 47 
u 55 64 15 12 12 
v <2 48 64 18 16 12 
y 7 150 64 50 44 29 
Zn 11 87 64 36 36 15 
Zr 67 479 64 241 240 103 
Rb/Sr 0.47 28.30 64 6.25 5.30 4.75 
NCNK 0.91 1.26 64 1.08 1.08 0.07 
K/Rb 84 268 64 137 125 43 
HPU 6.54 36.40 64 11.76 10.50 5.43 
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Statistics for the 1820 Ma Haverson Suite of the Normal Group of the granites 
in the Arunta Inlier. 
Variable Minimum Maximum Points Mean Median ± lcr 
Si02 72.54 77.85 8 74.89 74.52 1.96 
Ti02 0.20 0.36 8 0.26 0.25 0.06 
Al203 11.41 13.67 8 12.76 13.06 0.88 
Fe203 0.46 0.82 8 0.67 0.70 0.14 
FeO 1.08 1.87 8 1.41 1.33 0.26 
MnO 0.01 0.03 8 0.02 0.03 0.01 
MgO 0.25 0.63 8 0.45 0.43 0.13 
Cao 0.79 1.57 8 1.26 1.35 0.31 
Na20 1.48 2.IO 8 1.94 2.05 0.22 
K20 5.07 5.37 8 5.23 5.26 O.IO 
P205 0.06 0.13 8 O.IO 0.11 0.02 
LOI 0.54 1.32 8 0.86 0.91 0.25 
Rest 0.12 0.27 8 0.18 0.17 0.04 
Total 99.56 100.33 8 100.04 100.14 0.27 
Ba 169 680 8 414 433 180 
Ce 39 80 8 62 67 15 
Cr 5 15 8 10 IO 4 
Cu 3 IO 8 7 7 3 
Ga 13 17 8 15 15 I 
La 22 43 8 32 34 7 
Li 20 80 8 40 40 20 
Nb 6 12 8 9 9 2 
Nd 16 37 8 25 25 8 
Ni 5 11 8 7 7 2 
Pb 31 36 8 34 34 2 
Rb 242 459 8 334 322 86 
Sc 3 6 8 5 5 1 
Sr 30 94 8 67 73 20 
Th 15 34 8 26 27 6 
u 3 8 8 5 4 2 
v IO 27 8 17 16 6 
y 24 51 8 40 42 IO 
Zn 30 42 8 36 36 4 
Zr 99 177 8 130 122 28 
Rb/Sr 2.57 15.23 8 6.IO 4.38 4.38 
K/Rb 93 177 8 138 137 32 
NCNK 1.12 1.18 8 1.15 1.14 0.02 
HPU 3.51 5.85 8 4.86 4.93 0.71 
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Statistics for the Marginal Supersuite of the Normal Group of the granites in the 
Arunta Inlier. See Chapter 6 for detailed description. 
Minimum Maximum Points Mean Median ±lcr 
Si02 57.12 74.93 42 68.65 69.51 3.75 
Ti02 0.06 1.13 42 0.51 0.46 0.25 
A1203 12.71 17.75 42 14.33 14.36 0.93 
Fe203 0.44 3.84 42 1.82 1.72 0.80 
FeO 0.18 4.28 42 2.02 1.79 1.07 
MnO O.Ql 0.23 42 0.07 0.07 0.04 
MgO 0.13 2.66 42 0.98 0.87 0.53 
Cao 0.75 5.32 42 2.34 2.27 0.91 
Na20 1.92 3.76 42 2.82 2.75 0.40 
K20 2.12 6.51 42 4.51 4.55 0.99 
P205 0.03 0.39 42 0.17 0.16 0.09 
LOI 0.47 2.78 42 1.41 1.36 0.45 
Rest 0.13 0.41 42 0.29 0.29 0.06 
Total 99.15 100.46 42 99.92 99.98 0.28 
Ba 143 1536 42 905 872 350 
Ce 31 203 42 115 118 47 
Cr <2 50 42 11 8 11 
Cu <1 57 42 10 7 11 
Ga 11 24 42 18 18 3 
La 13 111 42 62 64 28 
Li 10 114 42 35 29 22 
Nb 6 27 42 14 14 5 
Nd 11 84 42 45 47 18 
Ni <2 22 42 6 5 5 
Pb 10 66 42 27 25 11 
Rb 125 470 42 208 196 65 
Sc 2 20 42 10 10 5 
Sr 41 379 42 188 177 85 
Th 4 110 42 25 23 18 
u 0.5 11.5 42 4.0 3.5 2.2 
v 2 104 42 37 31 24 
y 9 106 42 37 34 21 
Zn 13 104 42 57 57 22 
Zr 66 475 42 263 283 99 
Rb/Sr 0.36 11.46 42 1.55 1.29 1.68 
K/Rb 97 336 42 188 179 46 
NCNK 0.94 1.17 42 1.04 1.04 0.05 
HPU 2.23 11.10 42 4.33 3.95 1.66 
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Statistics for the Inland Supersuite of the Normal Group of the granites in the 
Arunta Inlier. See Chapter 6 for detailed description. 
Minimum Maximum Points Mean Median ±lcr 
Si02 64.20 77.82 56 71.54 71.98 2.95 
Ti02 0.13 1.10 56 0.49 0.45 0.20 
Al203 11.30 15.50 56 13.18 13.20 0.71 
Fe203 0.41 4.06 56 1.55 1.37 0.82 
FeO <0.01 4.86 56 2.10 1.98 1.04 
MnO 0.01 0.11 56 0.05 0.05 0.02 
MgO 0.05 2.99 56 0.79 0.65 0.53 
Cao 0.58 3.88 56 1.78 1.66 0.68 
Na20 1.78 4.01 56 2.40 2.34 0.42 
K20 2.58 6.59 56 4.83 5.04 0.78 
P205 0.01 0.27 56 0.12 0.12 0.05 
LOI 0.00 1.64 56 0.93 0.90 0.30 
Rest 0.15 0.35 56 0.24 0.24 0.05 
Total 99.30 101.00 56 99.96 100.00 0.30 
Ba 9 1100 56 586 601 196 
Ce 26 155 56 98 101 23 
Cr <2 40 56 12 10 9 
Cu <2 104 56 9 7 14 
Ga 12 22 56 16 16 2 
La 15 84 56 52 54 13 
Li 0 60 56 23 21 13 
Nb 5 24 56 13 12 4 
Nd 11 61 56 38 38 10 
Ni <2 19 56 6 6 4 
Pb 6 50 56 25 25 9 
Rb 149 650 56 283 253 97 
Sc 0 21 56 8 8 4 
Sr 23 274 56 88 80 42 
Th 4 106 56 32 30 14 
u <l 19.0 56 5.6 5.0 3.5 
v <2 71 56 28 25 17 
y 13 74 55 45 44 14 
Zn 0 92 56 44 43 20 
Zr 108 506 56 231 218 79 
Rb/Sr 0.59 28.26 56 4.32 3.11 4.18 
K/Rb 84 222 56 150 151 32 
NCNK 0.95 1.40 56 1.07 1.06 0.07 
HPU 1.65 14.55 56 5.34 5.08 1.81 
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Statistics for the 1648 Ma Boggy Hole Suite of the Normal Group of the granites 
in the Arunta Inlier. See Chapter 6 for detailed description. 
Minimum Maximum Points Mean Median ±la 
Si02 70.29 77.67 11 73.27 72.46 2.68 
Ti02 0.04 0.45 11 0.27 0.28 0.14 
Al203 12.13 14.29 11 13.48 13.76 0.78 
Fe203 0.48 2.12 11 1.20 1.07 0.57 
FeO 0.15 1.51 11 0.71 0.61 0.44 
MnO 0.04 0.12 11 0.08 0.06 0.04 
MgO 0.09 1.04 11 0.60 0.60 0.33 
CaO 0.26 2.26 11 1.61 1.68 0.65 
Na20 2.09 3.95 11 3.12 3.10 0.56 
K20 3.55 4.74 11 4.39 4.41 0.34 
P205 0.01 0.12 11 0.07 0.07 0.04 
LOI 0.55 1.30 11 1.02 1.07 0.23 
Rest 0.10 0.30 11 0.22 0.21 0.06 
Total 99.79 100.47 11 100.03 99.97 0.19 
Ba 123 1303 11 665 663 289 
Ce 42 106 11 77 82 23 
Cr 2 22 10 9 5 8 
Cs 9 25 4 19 21 7 
Cu 2 27 10 11 8 8 
Ga 12 16 11 14 14 
La 22 57 11 40 42 12 
Li 4 40 11 23 21 12 
Mn 310 1049 11 630 465 312 
Nb 6 23 11 15 16 5 
Nd 13 48 11 29 29 10 
Ni 2 18 11 8 8 5 
Pb 19 42 11 30 33 8 
Rb 116 308 11 217 224 56 
Sc 4 13 10 9 8 4 
Sr 21 324 11 161 112 93 
Th 6 30 11 21 21 7 
u <0.5 7.0 11 3.8 4.0 2.3 
v <2 47 11 23 21 18 
y 15 65 11 37 36 14 
Zn 22 62 11 41 32 15 
Zr 61 188 11 131 136 47 
Rb/Sr 0.36 14.67 11 2.83 2.00 4.07 
K/Rb 115 287 11 179 162 51 
NCNK 0.99 1.20 11 1.06 1.03 0.06 
HPU 1.73 5.06 11 3.89 4.14 1.04 
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Statistics for the 1603-1615 Ma Burt-Rungutjirba Suite of the Normal Group of 
the granites in the Arunta Inlier. See Chapter 6 for detailed description. 
Minimum Maximum Points Mean Median ±lcr 
Si02 67.84 74.66 8 71.10 69.87 2.82 
Ti02 0.22 0.73 8 0.40 0.39 0.16 
Al203 12.75 15.10 8 13.99 14.25 0.95 
Fe203 0.99 2.52 8 1.46 1.40 0.53 
FeO 0.32 1.93 8 1.15 1.13 0.46 
MnO 0.02 0.08 8 0.05 0.06 0.02 
MgO 0.15 1.09 8 0.65 0.76 0.34 
Cao 0.82 2.61 8 1.90 2.25 0.75 
Na20 1.84 3.47 8 2.95 3.13 0.55 
K20 4.40 6.16 8 5.02 4.89 0.60 
P205 0.02 0.20 8 0.10 0.11 0.06 
LOI 0.59 1.33 8 1.00 1.04 0.21 
Rest 0.16 0.38 8 0.25 0.25 0.08 
Total 99.83 100.27 8 100.02 100.01 0.15 
Ba 215 1501 8 754 757 388 
Ce 64 291 8 128 99 78 
Cr 1 13 7 6 5 4 
Cs 10 15 4 13 13 2 
Cu 2 14 8 8 9 4 
Ga 13 18 8 15 15 2 
La 35 178 8 70 50 50 
Li 7 43 8 26 26 13 
Mn 155 745 8 458 454 225 
Nb 7 19 8 12 13 3 
Nd 24 81 8 46 43 22 
Ni 2 8 7 5 4 2 
Pb 26 37 8 31 31 4 
Rb 161 319 8 234 226 44 
Sc 5 12 8 8 7 2 
Sr 41 345 8 168 186 102 
Th 24 73 8 39 29 20 
u 1.0 9.0 8 4.4 4.3 2.5 
v 6 53 8 28 34 17 
y 12 86 8 44 42 21 
Zn 27 70 8 45 43 13 
Zr 136 384 8 213 179 90 
Rb/Sr 0.47 7.09 8 2.57 1.23 2.58 
K/Rb 135 266 8 183 171 39 
NCNK 0.95 1.11 8 1.02 1.01 0.05 
HPU 4.28 9.15 8 5.58 4.65 1.76 
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Sm-Nd and U-Pb zircon isotopic constraints on the provenance of sediments from 
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Abstract-The Amadeus Basin of central Australia is a Late Proterozoic to Late Palaeozoic ensialic 
depositional basin located between two Proterozoic basement blocks of different Nd crustal formation 
ages, the older Arunta Block ( T8t = 2.0 to 2.2 Ga, U-Pb zircon ages 1.5-1.9 Ga) to the north and 
the younger Musgrave Block ( T8t = 1.7 to 1.9 Ga, U-Pb zircon ages= 1.0-1.7 Ga) to the south. Initial 
Nd isotopic compositions of the Amadeus Basin sediments generally fall into the region defined by the 
evolutionary trajectories of these two basement blocks, indicating that the sediments are dominated by 
essentially two source components; the older Arunta Block [ 147Sm/ 144Nd = 0.114 and ,Nd( 0) = -20.4] 
and younger Musgrave Block [ 147Sm/ 144Nd = 0.118 and 'Nd(O) = -14.7] and/or their equivalents. 
Stratigraphically higher sediments plot more closely to the evolutionary trajectory of the Musgrave Block. 
This result, together with the average provenance ages, indicates the proportion of material from the 
Musgrave Block increases as the sediments become younger. The Sm-Nd isotopic data preclude a substantial 
involvement of Archaean sources. 
U-Pb zircon ion probe analyses of the Late Proterozoic Heavitree Quartzite and the late Cambrian 
Goyder Formation are consistent with the Sm-Nd isotopic constraints. Most of the zircons from the basal 
Heavitree Quartzite give concordant U-Pb zircon ages of 1500 to 1900 Ma, consistent with derivation 
from an Arunta-type source, whilst zircons from the younger Goyder sandstone give six discrete U-Pb 
zircon age groups of 511 ± 20, 615 ± 15, 960 ± 109, 1190 ± 54, 1633 ± 24, and 1878 ± 48 Ma, indicative 
of a dominantly Musgrave-type source with a minor contribution from the Arunta Block or reworked 
preexisting Amadeus Basin sediments. The two youngest U-Pb zircon ages probably indicate some con-
tribution from Late Proterozoic-Cambrian volcanics in central Australia or a previously unrecognised 
younger local source in the basement blocks. The 511 ± 20 Ma constrains the maximum depositional 
age of the sediment. 
The Amadeus Basin sediments have a surprisingly wide range of 147Sm/ 144Nd ratios ( 0.077-0.136 ). 
irrespective of grain size and rock types. In addition, the calculated T8t values for samples from the 
same stratigraphic unit are well correlated with 147Sm/ 144Nd ratios, with samples of different stratigraphic 
units forming sub-parallel arrays. These phenomena are interpreted in terms of REE fractionation and 
preferential sorting of preexisting REE-rich phases during sedimentary recycling and deposition. This 
process can lead to either an increase or a decrease in 147Sm/ 144Nd ratio of a sediment relative to its 
source and therefore an erroneous estimate of its T8t provenance age. A theoretical model is developed 
which accounts for the observed correlation between T8t and 147Sm/ 144Nd ratios for suites of strati-
graphically related sediments, and allows a reliable estimate to be made of the provenance age of individual 
stratigraphic units, assuming the average 147Sm/ 144Nd ratio of the source is known or can be estimated. 
The provenance age for each stratigraphic unit of the Amadeus Basin has been calculated using this 
method. 
The Sm-Nd isotopic systematics in the Amadeus Basin sediments suggest that ( l) REE fractionation 
during sedimentary recycling can in some cases be an important factor and needs to be considered; ( 2) 
the provenance of the Amadeus Basin sediments was controlled by local source regions, and cannot be 
used to infer large-scale continental averages. Hence, some caution must be evoked in using Sm-Nd 
isotopic constraints from restricted sampling for more generalised models of crustal evolution. 
INTRODUCTION 
Sm-Nd ISOTOPIC systematics in sedimentary rocks ( MCCUL-
LOCH and WASSER BURG, 1978) have proved to be a powerful 
tool in constraining the provenances of sedimentary rocks as 
well as for more generalised modelling of crustal evolution 
(e.g., O'NIONS et al., 1983; GOLDSTEIN et al., 1984; GOLD-
STEIN, 1988; GOLDSTEIN and JACOBSEN, 1988; MICHARD et 
• Presented at the symposium for S. R. Taylor. "Origin and Evo-
lution of Planctarv Crusts.'' held October 1-2. 1990, at the Research 
School of Earth S~icnccs. ANU. 
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al., 1985; ALL~GRE and ROUSSEAU, 1984; DIA et al., 1990). 
Despite the now widespread application of this technique 
(e.g., DAVIES et al., 1985; MILLERS and O'NIONS, 1984: 
NELSON and DEPAOLO, 1988; GHOSH and LAMBERT, 1989, 
MCLENNAN et al., 1990), a number of basic assumptions 
have not as yet been fully evaluated. One of the principal 
assumptions is that during sedimentary sorting processes, fine-
grained sediments retain the same relative abundances of 
REE as found in their source regions (HASKIN et al., 1966: 
MCCULLOCH and WASSERllURG, 1978; McLENNAN and 
TAYLOR, 1982, MCLENNAN et al., 1990), and therefore their 
Nd model or provenance ages represent the average time 
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since their continental sources were initially separated from 
the mantle. It is implicit in this approach that within fine-
grained sediments, any local source effects will be averaged 
out and preferential sorting of REE-enriched minerals is 
minimal. 
In this study, we present REE concentrations and Nd iso-
topic compositions for a suite of sedimentary rocks from the 
Amadeus Basin, central Australia. The Amadeus Basin is a 
Late Proterozoic to Late Palaeozoic intracratonic depositional 
basin. located between two Proterozoic basement blocks of 
different crustal formation ages, i.e .. the older Arunta Block 
( T;-;',(, = 2.0-2.2 Ga) to the north and the younger Musgrave 
Block ( n;.,;, = l.7-1.9 Ga) to the south (MCCULLOCH, 
1987). Its formation and evolution were considered to have 
been controlled by repeated movement along mantle-deep 
structural discontinuities in the basement blocks (LAMBECK, 
1984; SHA w, 1987). A Nd isotopic study of the Amadeus 
Basin sediments may therefore provide constraints on the 
provenance of the Amadeus Basin sediments and the relative 
importance of the two basement blocks as sediment sources 
throughout basin formation. The samples analysed in this 
study represent a wide range of sedimentary types, including 
sandstones ( quartzites), siltstones, shales, and carbonates. 
As we have included a wide range of sediment types in our 
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study, we can also assess the extent of REE fractionation 
during sedimentary sorting and post-deposition diagenesis. 
and evaluate the use of Nd-depleted mantle model ages for 
more generalized models of crustal evolution. 
An additional aspect of this study is the comparison be-
tween sediment provenance ages obtained from U-Pb ages 
of detrital zircons and T;';',(, model ages. For this purpose U-
Pb zircon ages have been obtained for two sediments using 
the SHRIMP ion probe. 
GEOLOGICAL SETIING, STRATIGRAPHY, 
AND BASIN EVOLUTION 
The Amadeus Basin of central Australia is an ensialic depositional 
basin which was initiated during the Late Proterozoic, following the 
cratonization of the Early-Middle Proterozoic Orogenic Provinces of 
central Australia (PLUMB, 1979 ), and ended during the Carboniferous 
Alice Springs Orogeny, representing a total depositional period of 
-600 Ma. It is situated between the Arunta Block to the nonh and 
the Musgrave Block to the south, and is bordered by the Gibson 
Desert to the west and the Eromanga Basin and Simpson Desen to 
the east (Fig. I). Detailed stratigraphic studies and regional mapping 
have been undertaken by the Australian Bureau of Mineral Resources 
(BMR) during the 1960s (e.g., WELL.5 et al., 1967; WELL.5 et al.. 
l 970). lnterbasinal correlations were carried out by PREISS et al. 
( 1978) and PLUMB ( 1985). Models of basin evolution were for-
mulated and discussed by LAMBECK ( 1984) and SHAW ( 1987). and 
IJ)"l~ 
FIG. I. (A) Location of the Amadeus Basin and other contemporaneous basins in Australia. ( B) The Amadeus 
Basin and its spatial relationship with the Arunta and Musgrave Blocks. Note that some subsurface samples came from 
the BMR drill holes Er!dunda No. l and Ooraminna No. I. (C) and (D) Geological maps to illustrate the major 
stratigraphic units in the Amadeus Basin and surface sample localities (after WELL et al. 1970). Legend: ( l) Cenozoic 
unit: ( 2) other Amadeus Basin sequences; ( 3) Larapinta Group; ( 4) Penaoorrta Group; ( 5) Areyonga and Penatataka 
Groups; ( 6) Bitter Springs Formation; ( 7) Heavitree Quanzite: ( 8) Arunta Block; ( 9) sample localities. See Table l 
for age relations of these sequences. 
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more recently by LINDSAY et al. ( 1987), KORSCH and LINDSAY 
( 1989), and KORSCH and KENNARD ( 1991). There appears to be a 
debate over the mechanism of the basin evolution. LAMBECK ( 1984) 
proposed that the Amadeus Basin and other contemporaneous basins 
in central Australia were formed by buckling of crust due to long-
lasting horizontal compression, whereas KORSCH and LINDSAY 
( 1989) divided the evolution history into three stages and argued 
that the first two stages were dominated by lithosphere thinning and 
crustal stretching. whilst the third was controlled by crustal shortening. 
The Amadeus Basin is subdivided into stratigraphic units distin-
guished by changing depositional environments or tectonic events 
(Table l ) . The basal unit deposited in the northeast of the basin is 
the Heavitree Quartzite (HQ). which unconfonnably overlies the 
Arunta Block. The HQ consists predominantly of white quartz sand-
stone with minor conglomeratic sandstone, siltstone. and conglom-
erate. The quartz sandstone is an orthoquartzite with a high-maturity 
index. The equivalent unit in the southwest of the basin is the Dean 
Quartzite. which unconformably overlies the Musgrave Block. Con-
formably overlying the Heavitree Quartzite is the calcareous Bitter 
Springs Formation ( BSF), which consists of a thick sequence of in-
terbedded crystalline dolomitic limestone, dolomite, limestone, 
evaporites. shale, siltstone, and sandstone. Jn places, lenses or beds 
of chert are common. The onlv known volcanic interbeds occur in 
the northeast in the upper part of the BSF and in drillholes in the 
southwest. The equivalent units in the southwest of the basin are the 
Pinyinna Beds. which are metamorphosed, probably as a result of 
the Petermann Ranges Orogeny in the late Proterozoic or early 
Cambrian. 
In the Late Proterozoic, the HQ, BSF, and their equivalents were 
deposited over large areas. well beyond the present margin of the 
basin. During this period, the Amadeus Basin may have been eon-
nected to the Ngalia and Georgina Basins to the north and Officer 
Basin to the south. covering both the Arunta and Musgrave Blocks 
(SHA w. 1987 ). However, evidence such as the presence of layers of 
conglomerate in the HQ consisting of pebbles of basement materials 
suggests the emergence of local basement highs within the Arunta 
Block rSH.~W. 1987). 
Two major tectonic events occurred after the deposition of the 
BSF. the Areyonga and Souths Range movements. During each tec-
tonic event. an E- W trending depression developed in the southern 
pan of the present Amadeus Basin, with areas lo the south of the 
depression. including the Musgrave Block, being uplifted and be-
coming the main provenance of the relevant sediments (WELLS et 
al., 1970; SHAW, 1987). The Arunta Block mai also have been locally 
emergent and contributed a minor sedimentary component during 
this period (SHAW, 1987). Glaciation is also recognised after each 
tectonic event. The older and more widespread glaciation resulted 
in deposition of the glacial sediments of the Areyonga Formation 
(AF) and the equivalent lnindia Beds (ID) in the south. The younger 
glacial period was restricted to the northeastern part of the basin. 
where the Pertatataka Formation (PF) was formed. The stratigraph-
ically equivalent Win nail Beds (WB) in the south have no identifiable 
tillitic beds. Equivalent glacial sediments in the Georgina Basin com-
prise the Elyuah Formation. 
During the Late Proterozoic to early Cambrian. the Petermann 
Ranges Orogeny uplifted and overfolded a large area in the SW. Dur-
ing and following this orogeny the latest Late Proterozoic to Cambrian 
Pertaooma Group was laid down. This group compnses a wide variet) 
of rocks, and has been subdivided into a number of formations. of 
which the Arumbera Sandstone (AS). the Shannon Formation (SF). 
and Goyder Formation ( GF) were sampled in this study. The Late 
Proterozoic to early Cambrian AS is the oldest unit of the group. 
and consists mainly of red-brown and white sandstone. with minor 
siltstone, shale, conglomerate, and dolomite. This formation is typ-
ically ferruginous and feldspathic. The late Cambrian GF is the 
youngest unit of the group and consists of sandstone. siltstone. do-
lomite, and limestone. The middle Cambrian SF comprises siltstone. 
limestone. and dolomite. 
WELLS et al. ( 1970) argued that the Pertaoorna Group was de-
posited as a result of isostatic uplift following the Petennann Ranges 
Orogeny. Sedimentary facies and palaeogeographic investigations 
suggest the materials were derived from the W or SW (the Petem1ann 
Ranges area of the western Musgrave Block: SHA w, 1987 ). However. 
KORSCH and LINDSAY ( 1989) recently argued that the Pertaoorrta 
Group was deposited in a north-deepening hall~graben environment 
during their proposed Stage 2 stretching. 
The Cambra-Ordovician Larapinta Group was deposited con-
formably to disconformably onto the Pertaoorna Group, which was 
followed by broad vertical movements and an erosional period starting 
in the Silurian. The subsequent history was dominated by successive 
uplifts of both Precambrian basement and overlving sedimentarv 
cover, and molasse depositions. The latest tenonic event is the De-
vonian to Carboniferous Alice Springs Orogeny. which resulted in 
intensive folding in most of the Amadeus Basin. 
Table I: Major stratigraphic units and tectonic movements in the Amadeus Basin (after 
Well et al., 1970). Conformity; ----------·Unconformity, 
Age N.E. Amadeus Basin S. Amadeus Basin 
other units 
Carbon)fierous 
Devonian Pennjara Group Finke Group 
>--------+-------------------------------------------------------------
Silurian Mereenie Group >-------+--------'-----------------------------------------------------
Ordovician Larapinta Group 
" ~ 
·c 
.D 
E 
u 
~- Goyder Formation (GF) 
- Shannon Formation (SF) 
§'" Jay Creek :Limestone 
~ Giles Creek Dolomite 
~ Hugh River Shale 
~ Chandler Limestone 
~ Todd River Dolomite 
>--------< 0:: Arumbera Sandsione (AS) 
Julie Formation 
,__P_e_n_a_ta_t_alc_a_F_o_rm_a_ti_o_n _(P_FJ _________________________ ~ ~~n_::J _~~~~ ~~!_! ~ __ _ 
Aralka Formation 
lnindia Beds (IB) Areyonga Formation (AF) 
-------------------------------
------?----------; 
" j 
Early and Middle 
Proterozoic 
Bitter Springs Formation (BSF) 
Heavitree Quanzite (HQ) 
Arunta Block 
Pinyinna Beds 
Dean Quartzite 
Musgrave Block 
I 
Alice Springs Orogeny 
Pennjara Movement 
Rodini;an Movemcni 
Petermann Ranges Orogeny 
Souths Range Movement 
Areyonga Movemen! 
Unnamed 
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Depositional Ages 
Few isotopic constraints are available from the Amadeus Basin 
sediments which enable direct determination of depositional ages. 
The maximum age for the deposition of the earlies! sediments, the 
HQ. is given bv the Stuarl Dyke Swarm, which is the youngest in-
Irusion in the Arunta Block and is unconformably overlain by the 
HQ. BLACK et al. ( 1980) reporled a Rb-Sr mineral isochron age of 
897 Ma for the Stuarl Dyke Swarm. However, this age represents a 
minimum estimate of the intrusive age, as the isochron is strongly 
innuenced by the biotite point. which is susceptible to later isotopic 
reselling. 
Most of the deposi1ional ages of the units analysed in this study 
are estimated by using lithos1ratigraphic and paleontological corre-
lations with other contemporaneous basins: primarily the Adelaide 
Geosvncline. which has relatively better age constraints (e.g., PREISS 
et al.: 1978: PLUMB. 1985; PREISS, 1987). The two periods of Pre-
cambrian glaciation are key points for such correlations. 
Based on these correlations and models of basin development, 
LAMBECK (I 984) and SHAW (I 987) divided the basin into nine de-
posi1ional intervals with each interval being bracketed by a time range. 
Jn this scheme. the HQ + BSF (first interval) was deposited from 
900-825 Ma: AF+ IB (second interval), 825-705 Ma; PF+ WB 
(third interval). 705-630 Ma; and AS + SF+ GF ( fourlh and fifth 
intervals). 6J0-5 JO Ma. These divisions form the basis of the strati-
graphic ages given in Table 3. 
SAMPLE SELECTION AND ANALYTICAL PROCEDURES 
Samples collected from the Amadeus Basin stratigraphically range 
from the Lale Proterozoic Heavitree Quar1zite to the late Cambrian 
Govder Formation. Most samples were collected from the NE margin 
of ;he basin from surface outcrop. Some subsurface samples from 
cenlral and sou them pans of the basin were provided by BMR core 
librarv. For in1erbasinal comparison, one sample was chosen from 
the s~uthern margin of the Georgina Basin. Sample localities are 
shown in Fig. I and sample descriptions and locations are tabulated 
in Table 2. lt is wonhwhile 10 note thal the size of core samples is 
limited to <5 cm 3• which may introduce the possibility of non-rep-
resenta1ive sampling. 
Samples of abou1 1-J kg in size were crushed through a jaw crusher 
and splits of - J 00 g were powdered down to <200 mesh in a tungsten 
carbide mill. Core samples were powdered in an agate morlar. Nor-
mally 80-120 mg splits of the powders were dissolved for Sm-Nd 
Table 2: Sample types and locations 
Sample urnru Rock 1ype Classification Locarions 
Amadeus Ba.sin 
isotopic and REE analysis. For carbonate and pure sands1one samples 
which have low REE abundances. however. 200-600 mg powders 
have been used. 
The Sm-Nd analytical techniques are similar to those described 
bv McCULLOCH and CHAPPELL ( 1982) and MAAS and McCULLOCH ( i 991 ). All samples were dissolved in Tenon bombs after being spiked 
with mixed 147Sm-''°Nd tracers (ANU-1 which contains Sm-Nd only 
and ANU-2 which con1ains both Sm. Nd. and other REEs). REEs 
were separated from major elemen1s by passing the sample solutions 
through cation columns. Nd and Sm frac1ions were separated through 
HDEHP-coated Kel-F columns. A multicollector Finnigan Mat-261 
mass specuometer was used for isotopic measurement. Nd procedural 
blanks range from 25 to 50 pg. 143Nd/ 144Nd ratios are normalized 
to 146Nd/ 144 Nd = 0.7219. The "'Nd/ '"Nd ratio of1he La Jolla stan-
dard measured on the Finnigan Mass Spectrometer in this laboratory 
is 0.5 I I 872 ± 2 ( 2a) ( n = 85). 
REE analytical techniques are similar to those used for the Sm-
Nd isotopic analyses. Two types of spikes are used in analysing 1he 
Amadeus Basin sediments. The ANU-LRE is designed for measuring 
REE concentrations only. whilsl the ANU-2 is used for determining 
both REE concentrations and Sm-Nd isotopic composi1ions. When 
using ANU-LRE spike, 1he REEs are collec1ed in three fractions, i.e .. 
a La fraction free of Ba and Ce, a LREE fraction including Ce, Nd. 
Sm, and Eu, and a H REE fraction including Gd. Dy. Er. Yb. and 
Lu. When using the ANU-2 spike. the REEs are split inlo four frac-
tions, i.e .. a La frac1ion free of Ba and Ce. a Nd frac1ion free of Ce 
and Sm. a MREE fraction including Sm. Eu. Gd and D:. and a 
HREE + Ce frac1ion including Ce, Er. Yb. and Lu. A package of 
newly designed computer monitoring programs is used on the MAT-
261 mass speclrometer for measuring 1he REEs. The results ofBHYO 
standard measured using the ANU-2 spike are listed in Table 4. Ion 
Probe analy1ical procedures are similar to those described by COMPS· 
TON et al. ( 1984) and WILLIAMS and CLAESSON (I 987 ). 
RESULTS 
Sm-Nd Isotopic Data 
The samples analysed in this s1udy can be classified into 
three groups (Tables 2 and 3 ). Group I consists of coarse-
grained elastic rocks including sandstones and quanzites. 
Their Nd concentrations range from 3 to I 0 ppm with the 
Longlrude Latirude 
89-528B HQ shale II Heavirree Gap 133°51"54 .. E 23°43·43"5 
89-503 HQ quarn.ite I Heavicree Gap 133°51 '54 .. E 23°43'43"S 
89-574 HQ quartzite I Undooya Gap 134°7'1 Z--E 23°44.24"5 
89-581 HQ quartzite I John Hayne Rodchole J34°21·1s··E 23°32·23"s 
89-537 BSF shale II Amarpa 134°45'00 .. E 23°30'24 .. S 
89-52!A BSF cakareous siltstone II Ellery Creek Big Hole 130"4'16 .. E 23°46.5TS 
89-521C BSF carbonate Ill Ellery Creek Big Hole !30"4.16 .. E 23°46"5T'S 
89-57 3 BSF carbonate Ill near John Hayne Rockhole 134°21'28 .. E 23°32'33 .. S 
89-579 BSF carbona.1e dep1h 4800'-48{)()·4 .. , Erdunda No. I I 33°! I '48"E 25° I 8.36"S 
89-575 AF black shale II depth 4166', 4168·, Ooraminna No. I 134°09"50 .. E 24°00'06 .. S 
89-578 lB calcareous siltstone II or Ill depth 4190'-4190'4", Erdunda No.I 133°1 I '48 .. E 25°18.36"S 
89-539 PF red shale II MulyaDam 134°55'15"E 23°39'42"S 
A0.7• PF shale II depth 2355'-2359', Oooraminna No.I !34°09.50"E 24°00'06"5 
89-577 WB siltstone 11 deplh 1864.-1864'4", Erdunda No.I ! 33°11 '48"E 25°! 8'36"S 
89-520 AS of PG dark brown sandswne I l km E of Glen Helen Tourist Camp l 32°40'56"E 23°40'39"5 
89-549 SF of PG siltstone II 3 km N of Shannon Bore 134°30'30"E 23°4 !'00"S 
89-519 GF of PG sandstone l Glen Helen Tourist Camp l 32°40.32""E 23°41.51 "S 
Georgina Ba.sin 
89-561 shale II Alkara No.2 Bore J 35°29.42'"E 22°39·36-s 
Note: Samples listed here are classified into three groups. Group I is coarse·grained elastic rocks, including q~aro.ites and sandstones: Group 11 is 
fme·grained clast.ic rocks, including shales and sihstones. Group Ill is carbonati:::s. Erdund.a No._ I and Oorammna No. I a.re DMR drillholes. Their 
depths a.re recorded in feet and inches. * Refer to McCulloch & Wasserburg, 1978 .... Units as m Table I. 
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TABLE 3: Sm-Nd isotopic data for the Amadeus and Georgina Basins sediments 
Name Description Spike .. Sm (ppm) Nd (ppm) l47Sm/l44Nd lHNdfl44Ndl•l E'"(O) EN"(T) (b) T;;:' (c) (M•) T~ (d) (M•) 
Amadeus Basin 
89-5288 shale, HQ(o) ANU-1 10.00 47.35 0.12770 0.511707 ± 7 -18.39 -10.91 850 2271 
89-528B duplicate ANU-2 8.68 42.47 0.12353 0.511741±6 -17.73 -9.80 850 2128 
89-503 quanziie,HQ ANU-1 0.62 2.85 0.13057 0.511703 ± 11 -18.47 -11.30 850 2346 
89-581 quanziie, HQ ANU-1 1.77 10.34 0.10372 0.511623 ± 7 -20.03 -9.95 850 1929 
89-574 quartziie, HQ ANU-1 0.98 7.48 0.07906 0.511618 ± 7 -20.13 . 7.37 850 1610 
89-574 another block of the rock ANU-1 0.92 7.22 0.07662 0.511665±7 -19.21 -6.19 850 1536 
89521A calcareous sills tone, BSF ANU-1 2.67 13.20 0.12220 0.511851±7 -15.59 -7.70 830 1940 
89-537 shale, BSF ANU-1 47.09 354.30 0.08056 0.511561 ± 7 -2 l.24 ·8.94 830 1686 
89-521C carbonate, BSF ANU-1 0.15 0.81 0.10880 0.511756 ± 25 -17.44 ·8.48 830 1843 
89-573 carbonate, BSF ANU-1 0.48 2.23 0.12923 0.511861±15 -15.39 ·8.24 830 2065 
89-579 carbonate, BSF ANU-1 0.29 1.56 0.11314 0.511763±8 -17.30 -8.45 830 1902 
89-575 black shale, AF ANU-1 5.11 22.81 0.13551 0.511924 ± 11 -14.16 -8.30 750 2102 
89-578 calcareous siltstone, IB ANU-1 4.81 23.00 0.12670 0.512147 ± 10 -9.81 -3.11 750 1573 
89-539 red shale, PF (triplicate 1) ANU-1 7.94 45.04 0.10650 0.511781±7 -16.95 -9.35 660 1774 
89-539 triplica!e 3 ANU-2 55.25 387.1 0.08631 0.511758 ± 6 -17.40 -8.10 660 1543 
89-539 2.5 N HCI leached ANU-2 5.55 31.93 0.10500 0.511787±7 -16.83 -9.11 660 1743 
A0-7• Shale, PF 4.60 23.00 0.10977 0.511789 -16.80 -9.47 660 1812 
89-577 siltstone, WB ANU-1 5.05 25.02 0.12195 0.511830 ± 9 -16.00 -9.70 660 1965 
89-520 red sandstone, AS (triplicaie 1) ANU-1 5.54 30.64 0.10929 0.511834±9 -15.92 -9.22 600 1746 
89-520 triplicaie 3 ANU-2 5.81 33.15 0.10591 0.511844 ± 8 -15.72 -8.77 600 1685 
89-549 siltstone, SF ANU-1 3.37 16.51 0.12330 0.511901 ± 6 -14.61 -9.56 540 1887 
89-519 sandstone, GF ANU-1 1.45 7.49 0.11685 0.511887 ± 9 -14.88 -9.68 510 1794 
Georgina Basin 
89-561 shale, Elyuah Formation (EF) ANU-1 14.70 100.80 0.08812 0.511693 ± 7 -18.67 -9.52 660 1633 
A run ta average of 45 data 0.1141 0.511602 -20.44 2142 
Musgrave average of 20 data 0.1181 0.511896 -14.71 1797 
(a): 143Ndfl44Nct ratios are normalized to 146Ndfl44Nd = 0.7219. Errors are quoted at 2cr confidence level. 
(b): cNdrn = [<;~~~~:~~£~~~ - 1 J x 104, using (1 43Ndf1 44 Nd)cHUR (0) = 0.51265 and (1 41sm;1•4Nd)c11i;R (0) = 0.1967. 
(c): depositional or stratigraphic ages of the sediments. 
(d): Nd depleled mantle model ages defined by Equation (I) in the text. 
(e): Refer to Table 1 for full names of stratigraphic units. 
A0-7 is taken from McCulloch and Wasserburg (1978). 
Two kinds of spikes were used. Refer lO text for description of spikes 
exception of a dark-red ferruginous sandstone ( 89-520) which 
contains more than 30 ppm. Group II contains fine-grained 
elastic rocks, including siltstones and shales. Siltstones have 
Nd concentrations from 13 to 25 ppm. Shales contain higher 
and more variable Nd concentrations (23 to >300 ppm). 
The third type of sediments, the carbonates, have Nd con-
centrations ranging from 0.8 to 2.2 ppm. 
Overall, the sediments have a wide range of 147Sm/ 144Nd 
ratios ( 0.077-0.136), with most of them falling in between 
0.100-0.130. This range is close to the average value for the 
continental crust, as reported for ancient elastic sediments 
and particulate loads of modern rivers (e.g., DAVIES et al.. 
1985: MICHARD et al., J 985; FROST and WINSTON, 1987: 
GOLDSTEIN et al., J 984; GOLDSTEIN and JACOBSEN, J 988: 
DIA et al., 1990). Group I (quartzites and sandstones) in-
cludes a sample ( 89-574) with the lowest 147Sm/ 144Nd ratio 
of0.077 (Table 3). Analysis of another block of this sample 
gives a slightly different but comparable result. Group II (the 
shales and siltstones), however, contains samples with both 
extremely low (e.g., 89-537 and 89-561) and extremely high 
(e.g., 89-5 7 5) 147Sm/ 144Nd ratios. The samples with ex-
tremely low 147Sm/ 144Nd values also have anomalously high 
concentrations of REEs. Group lll has a relatively narrower 
range of 147Sm/ 144Nd ratios, which appear to be positively 
correlated with Nd concentrations. 
The samples analysed have a range of,"'°( 0) values from 
-9.8 to -21.2 with the majoritv falling between -14.2 and 
-20. l. These values are poorly correlated with the strati-
graphic ages. The corresponding, NJ( T) values range mainly 
from -6.2 to J 1.3. Calculated T~;'., ages vary from l 536 
to 2346 Ma and are correlated with both the stratigraphic 
ages and 147Sm/ 1"Nd ratios (Fig. 2). 
REE Data 
Six samples from the three groups were selected for isotope 
dilution REE measurements and the results are presented in 
Table 4 and illustrated in Fig. 3. All analyses have similar 
negative Eu anomalies. typical of continental crust (e.g .. 
NANCE and TAYLOR. 1976). 
Group l is represented by two sandstone samples 89-519 
and 89-520. 89-519, the pure white-coloured sandstone has 
lower total REE but a smooth, negatively sloped REE pattern 
typical of those reported for post-Archaean elastic sediments 
(NANCE and TAYLOR, 1976 ). Sm and Nd concentrations 
obtained by using both ANU-1 and ANU-LRE spikes agree 
reasonably well (cf. 89-519 in Tables 3 and 4). However. 
89-520. the red-coloured iron-rich impure sandstone has a 
surprisingly large neg:itive Ce anomaly (Ce/Ce* ~ 0.4 
- 0.53 ). Triplicate analyses indicutc that the REE abundance 
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0.225 t•1sml Nd 
Nd l 1 . FIG. 2. T oM vs. 147 144 [cf. Ji--- in Eqn. (3)] (0.225 - Sm/ Nd) DM fm 
diagram for the Amadeus Basin sediments. 0.225 is the value of "'Sm/ 
144 Nd ratio for the present-day depleted mantle. Data of the same 
stratigraphic ages or units are well correlated, indicative of REE frac-
tionation, whilst data arrays for different stratigraphic units are sub-
parallel (see the best-fit lines), indicative of a mixing process. Ticks 
with numbers on the "Arunta-Musgrave mixing line" mark the per-
centages of Musgrave-type component in the provenance of the sed-
iments. The best-fit lines are perpendicular to the "Arunta-Musgrave 
mixing line" and their ToM intersections correspond to the average 
provenance ages of the stratigraphically related suites. Coordinate 
values of these intersections clearly indicate that proponions of ma-
terial from the Musgrave Block increase as the sediment suites become 
stratigraphically younger. See text for discussion. 
in it is very heterogeneous, whilst the Ce level appears to be 
quite constant (Tables 3 and 4, Fig. 3b). The slope of the 
REE patterns also varies in these duplicate analyses. 
Group 11 is represented by one siltstone sample 89-521 A 
and two shale samples 89-528B and 89-539. Samples 89-
521A and 89-5288 have REE patterns similar to those of the 
typical post-Archaean fine-grained sediments (NANCE and 
TAYLOR, 1976) and granites in the Arunta Block ( unpubl. 
data). They have a negative slope which tends to flatten in 
the HREE region. However. the red-coloured. iron-rich shale 
89-539 is exceptionally enriched in LREEs and displays a 
pronounced negative Ce anomaly. Like the red-coloured im-
pure sandstone 89-520. triplicate analyses of this sample in-
dicate that the LREE abundance is heterogeneous whilst the 
Ce remains constant and HREE levels remain approximately 
similar. 
Group lll is represented bv 89-575. the carbonate from 
the BSF. This sample has much lower total REEs but its REE 
pattern appears to be very similar to the non-carbonate sam-
ples. Notably, a negative Ce anomaly typical of seawater is 
not observed in this sample. The (Gd /Yb )N is higher than 
other normal non-carbonate samples, which could be due to 
the absence of the BREE-enriched trace minerals such as 
zircon and garnet in the carbonate. 
The finding that the two dark-red-coloured. ferruginous 
samples ( 89-539 and 89-520) display pronounced negative 
Ce anomalies with strong], LR EE-enriched patterns and het-
erogeneous REE abundances was unexpected. To understand 
the cause of this anomaly. 2.5 N HCl acid leaching was carried 
out on sample 89-539. The residue was analysed for REE 
concentrations. Surprisingly. after leaching. 90% of the LREEs 
were removed. the negative Ce anomaly disappeared (Table 
4 and Fig. 3c). and the corresponding 147Sm/ 144Nd ratios 
obviously increased. with nearly no change in 143Nd/ 144Nd 
ratios. We speculate that these features are probably caused 
by the presence of HCl-soluble phases such as the miner-
als lanthanite I ( LREE h( C0 3);- 8H 20] and/or kimuraite 
ICaY 2 (C03 ), • 6H 20]. which are strongly enriched in LREE 
but depleted in Ce ( TRESCASES et al.. 1986: NAGASHIMA et 
Table 4: REE concentration data (in ppm) for selected samples of the Amadeus Basin sediments. 
89-519 89-520 89-520 89-521A 89-5288 89-539 89-539 39.539 89-573 BHVO 
sandstone (triplicate 2) (triplicate 3) siltstone shaJe (triplicate 2) (triplicate 3) (leached) carbonate (n=2) 
La 8.40 63.00 48.12 16.70 57.48 335 6 460 7 4 J.38 l.68 15.32 
Cc 18.44 49.35 50.14 35.32 114.4 99.89 108 I 76.49 4.50 39.25 
Nd 7.25 42.17 33.15 14.38 42.47 245.2 387.1 3 J.93 2.23 24.365 
Sm 1.408 6.925 5.809 2.814 8.678 34.22 55.25 5.545 0.480 5.974 
Eu 0.248 l.143 J .037 0.550 l.549 4.892 7.601 () 949 0.094 2.027 
Gd J.3 J 5.05 4.71 2.55 8.563 16.34 25.57 -l.15 0.451 6.08 
Dy J.38 4.04 4.18 2.49 7.23 6.00 7.99 3.68 0.408 5.14 
Er 0.893 2.06 2.20 1.50 4.02 2.56 3 05 2.20 0.208 2.45 
Yb 0.872 1.86 2.02 1.48 4.l 5 2.47 2.73 2.26 0.177 2.00 
Lii 0.267 0.297 0.659 0.353 0.289 
IREE 40.20 175.60 J 5 l.37 77. 78 248.54 747.17 1058.08 168.58 10.23 102.61 
(l..a/Sm)N 3.76 5.73 5.21 3.75 4. J 7 6.31 5.25 4.70 2.20 l.62 
(GdlYb)N 1.20 2.20 1.89 l.39 1.67 5.35 7.58 I.49 2.05 2.47 
Eu/Eu• 0.56 0.59 0.61 0.63 0.55 0.64 0.62 0.61 0.62 1.02 
Ce/Ce• 1.06 0.40 0.53 l.01 1.00 0.15 0.11 0.92 l.l 6 1.04 
Spike LRE LRE ANU-2 LRE ANU-2 LRE ANU-2 ANU-2 LRE ANU-2 
Refer to Tables 2 and 3 for sample localitles and descriptions. LREE denotes a sum of REE e;ii.cept Lu. Ratios are chondrite normalized, 
where subscript N denotes chondrite-norrna!ized values. Eu/Eu*=--./ 
Eu, 
Sm,· Gd, 
Ce, 
and Ce/Ce•= ~ where Pr is 
LaN" Pr"' 
estimated using Pr ~ La +-i Nd. LRE and ANU·2 denote ANU-LRE and Al"'l'U-2 spikes use(l. respec11vely. See te>;:t for description of sp1kes 
used in this study, Results for BHVO s1andard are aver.ige of two analyses 
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FIG. 3. Chondrite-normalized REE patterns for selected samples 
of the Amadeus Basin sediments. Refer to Table I for initials of 
stratigraphic names. See text for discussion. 
al., 1986). The red-brown colour of the samples, combined 
with lateric cementation in the feldspathic sandstone 89-520. 
suggests that the rocks have undergone weathering processes. 
which have been considered by TRESCASES et al. ( 1986) and 
NAGASHIMA et al. ( 1986) as processes responsible for for-
mation of lanthanite and kimuraite. Variable amounts of 
these minerals present in these samples will produce positive 
correlations between the degrees of Ce anomaly and 1:LREE 
values or Sm/Nd ratios, which are observed in Fig. 4. These 
minerals could have been formed during weathering processes 
at any stage, i.e., either during deposition or at the time of 
post-depositional surface weathering. However, the relatively 
constant 143Nd/ 144Nd ratios in both leached and unleached 
samples suggest that weathering may have occurred in a closed 
system very recently. 
Ion-Probe Zircon U-Pb Data 
Zircon separated from 89-519, sandstone of the Cambrian 
Goyder Formation, and HQ-I (HQ-I was collected from the 
same level of the sequence as 89-503 ), quartzite of the late 
Proterozoic Heavitree Quartzite. were analysed for U-Pb ages 
using the SHRIMP ion microprobe. The primary ion beam 
used for analysing sample 89-5 I 9 had a diameter of 30 µm, 
whilst that used for analysing sample HQ- I, I 0 µm. The an-
alvtical results are listed in Tahle 5 and illustrated in Figs. 5 
and h. 
The majority of zircons separated from HQ-I are well 
rounded as a result of transportation. Nevertheless, most of 
them still display original short prismatic crystal shape. Most 
of the zircon grains analysed are clear. transparent and light 
to dark brown- (or purple-) coloured. About one quarter of 
the analysed grains display euhedral zonation, suggesting 
magmatic origin. whilst the rest are internally homogeneous 
and structureless. Some grains contain structureless cores with 
well-zoned overgrowths. 
Most of the analyses fall on or near concordia on a 206Pb/ 
238 U vs. ' 0 'Ph/ 235 U diagram (Fig. 5) and produce a more or 
less continuous range of'0 'Pb/ 2°"Pb ages from 1450 to 1900 
Ma (Table 5 and Fig. IO). Three analyses from two grains 
give Archaean ages. There is no obvious correlation between 
the zircon morphology and age. The relatively large error 
boxes in Fig. 5 result from the use of a small-diameter ( 10 
µm) primary beam and hence reduced secondary beam in-
tensity. The continuous range of early-middle Proterozoic 
1200 1: 89-539 
1000 
89-520 
I xoo 
"' 
NXJ 
"' 0: HCI leached _, 
41)1 
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E () 16 t 
:/"; 
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FIG. 4. (Ce/Ce* )N vs. 2:LREE and Sm/Nd diagrams for duplicate 
analyses of samples 89-520 and 89-539. Correlations in these diagrams 
clearly indicate the presence of variable amounts of LR EE-enriched 
hut Ce-depicted phases such as lanthanite and/or kirmuraite in the 
samples. Acid leaching effectively removed these phases and, therefore. 
Ce anomalv disappeared. See te.xt for discussion. 
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Table 5: Jon probe U-Pb isotopic analyses of z.ircons from selected sediments of the Amadeus Basin 
Grain.spot Description u Th 204p b 206p b 207 p b 207 p b 20.p b ?07p b 
(ppm) u (ppb) r 0 'Pb% 2Jsu 235 u 206p b n•c Ag< lO•pb Age 
f-Juwilru Quartzit~ (llQ·/) 
I.I md,purp 95 2.18 Q Q.00 Q.449 JQ.29 Q.1663±22 2390±91 2521±23 
2.l w-md, purp Q.52 Q.00 Q.363 5.27 Q.lQ53±27 1996±82 1719±48 
3.l L-br, n-sp l5Q Q.76 Q Q.02 Q.297 4.35 Q.1062±26 1676±68 1735±46 
4.l md,purp 143 Q.49 14 Q.74 Q.252 3.1 l Q.Q897±47 144 7±59 1418±104 
5.1 pris, purp 376 Q.64 20 Q.36 Q.275 3.96 Q.1045±27 1564±61 l 7Q5±48 
6.l rnd, w. dr !14 Q.79 Q Q.00 Q.3Ql 4.56 Q.1102±24 1694±68 l 802±4Q 
7.1 rnd. w. clr 582 Q.43 54 Q.47 Q.368 5.63 Q.ll!Oi54 2Ql 9±82 1816±91 
8.1 md, purp 669 Q.36 Q Q.00 Q.365 5.43 Q.lQ79±24 2005±8Q 1764±4 l 
9.1 core, purp 262 Q.48 Q Q.00 Q.318 4.83 Q.l lQ1±24 1780±71 l 8Ql±4Q 
9.2 ogr, eu-znd 467 Q.36 Q Q.00 Q.273 4.11 Q.1094±13 1554±60 I 78"1-...21 
lQ.l w-md, purp 185Q 2.94 4 Q.Q2 Q.263 2.69 Q.Q744±53 l5Q4±77 lQ5l±l50 
ll.l rnd, purp, eu-znd 435 Q.52 2 Q.Q3 Q.3Q5 4.61 Q.1098±13 !714±66 1795±2 l 
12.1 w-rnd, L-br 249 Q.56 Q Q.00 Q.325 5.12 Q. l 142±2Q 1815±71 1867±32 
14.l md,puw 152 Q.77 Q Q.Q2 Q.351 5.14 Q.1063±19 1937±76 1737±34 
15.I md. eu-md 494 Q.2Q Q Q.00 Q.302 4.87 Q.1170±11 !700:t65 1911±17 
16.I md. purp 162 Q.5Q 13 Q.54 Q.271 3.71 Q.0993±37 1546±61 1611±71 
!7.1 md, purp. incl 126 Q.83 8 Q.46 Q.261 3.31 Q.0921±67 1493±61 1470±144 
18.1 s-pris, purp 88 Q.71 Q Q.00 Q.291 4.14 Q.JQ33:t28 1646±67 1685±51 
19.1 w,dr 136 Q.60 14 Q.7Q Q.274 3.46 Q.0917±45 1560±63 l 460±97 
20.I s-pris, eu-znd 718 Q.96 123 1.32 Q.240 3.22 Q.0973±28 1388±54 1573±54 
21.1 pris, purp 375 Q.64 15 Q.25 Q.291 3.78 Q.0942±31 1648±65 1512±63 
22.1 ml 44722 Q.66 l Q.00 Q.37Q 5.13 Q.1006:t24 2029±82 1636±46 
23.I md, incl 241 Q.91 Q Q.00 Q.289 3.98 Q.0999±37 1638±7Q 1622±71 
24.l s-pris, znd, purp 408 Q.43 31 Q.4Q Q.353 5.24 Q.IQ76:t27 1950±77 1758±47 
25.1 pris,eu-znd,purp 1134 1.11 136 1.95 Q.113 1.24 Q.Q793±34 690±28 1180±86 
25.2 pris,eu-znd.purp 789 1.59 90 1.62 Q.129 1.62 Q.0909->...29 782±32 1445±63 
25.3 pris,eu-znd.purp 282 Q.86 Q Q.00 Q.27Q 3.4Q Q.0913±15 1541±61 1452±32 
26.I rnd, w-znd, purp 302 Q.75 Q Q.00 Q.531 14.83 0.20~4!20 27<18:±101 284.\±16 
26.2 md, w-znd, purp 608 Q.64 Q Q.00 Q.656 17.95 Q.1986±25 3251±119 2814±21 
27.l w-rrd 449 Q.61 Q Q.00 Q.293 4.4Q Q.1Q89±19 1656±65 1781±32 
28.1 md.eu-md 223 Q.85 Q Q.00 Q.274 3.74 Q.0989±15 1562±61 l6Q3:t29 
Gayt:U:r SDNistan~ (89-519) 
I.I md, prll, purp 336 Q.51 6 Q.12 Q.259 3.54 Q.0990±1Q 1487±33 1605±18 
2.1 core, rnd, incl 1014 Q.92 81 Q.94 Q.159 l.82 Q.Q834±19 949±22 1278±46 
3.1 md, purp, incl 74 0.84 1 Q.22 Q.169 1.73 Q.Q742±59 1008±25 1047±169 
4.1 w-zn! 3Ql Q.8Q 32 Q.79 Q.254 3.53 Q.1008±18 1460±33 1640±33 
5.1 n-sp, incl 2Q8 Q.56 6 Q.34 Q.172 1.66 Q.Q7Q2± 18 1022±24 935±53 
6.1 w-rrd 349 Q.66 4 Q.22 Q.099 Q.82 Q.0606±15 606:tl4 625±55 
6.2 core, znd 191Q Q.32 286 6.22 Q.042 Q.48 Q.Q822±36 268±7 1249±89 
7.1 md, puep 585 1.68 4 Q.04 Q.267 3.74 Q.IQl7±1 I 1524±34 1656±20 
8.1 md,pu<p 176 Q.7Q Q Q.02 Q.278 3.84 0 1001±9 1582±36 1627±!7 
9.1 w-znd, pris.purp !142 Q.57 16Q 3.84 Q.066 Q.55 Q 0604:t29 411±10 619±107 
IQ.I L-br 598 1.29 2 Q.06 Q.IQI Q.82 O.Q590± 17 621± 15 567±64 
ll.l L·pris,clr. core 381 Q.93 IQ Q.25 Q.190 2.11 O.Q8QSil2 1120±26 I 2Q8±3Q 
12.l s-pri.s 232 Q.99 Q Q.00 Q.185 2.00 O.Q784± 12 1092±25 I 158±3Q 
13.l pris.L-br 422 Q.47 Q.18 Q.101 Q.84 0.06Q2±13 619±15 611±47 
14.I L-pris, md 184 I.IQ Q.34 Q.179 1.78 Q.Q720+...27 1061±25 986±77 
15.1 s-pris, clr, n-rnd 113 Q.93 Q.Q2 Q.Q84 Q.72 Q.0619+...22 521±13 672±76 
15.2 s-pris, clr, n·rnd 104 l.Q3 Q.00 Q.Q83 Q.69 Q.0605±18 511±12 621±67 
15.J s-pris, dr, n-rnd 94 Q.81 1.74 Q.Q82 Q.63 Q.0561±127 506±14 456±456 
16.l s-pris. w-znd, w 941 Q.16 10 Q.2Q Q.097 Q.86 Q.0638±1Q 599± 14 733±32 
17.I n-sp, incl 40 1.47 3 Q.8Q Q.183 1.74 Q.0693±83 1Q82±29 906±263 
18.I s-pris. incl 15Q J.2Q Q.04 Q.198 2.2Q Q.08Q7±13 1165±27 1214±32 
19.1 n-sp, purp 185 Q.72 Q.45 Q.163 1.61 Q.Q714±22 975±23 968±65 
2Q.I md,pu<p 285 Q.99 Q.Q2 Q.271 3.64 Q.0974±8 1546±34 1575±16 
21.l puep 41 l Q.46 Q.05 Q.325 5.13 0.1147±8 1812±39 1875±12 
22. l s-pris, incl 544 Q.67 Q.14 0.2Q2 2.17 Q.Q782±25 1185±27 1151±64 
23.I md, puep 24Q Q.37 Q.02 Q.}l I 4.73 0.1102±9 1747±39 1802±14 
24.l core (ogr md) 356 Q.52 171 3.23 Q.271 4.41 Q.1183±33 1544±}5 1931±50 
25. l clr, small 619 Q.79 115 3.3Q Q.102 Q.95 0.0677±40 628± 15 859±129 
26.I w-znd. s-pris 358 Q.86 Q Q.02 Q.Q81 Q.64 O.Q571±1Q 504±12 497±38 
27.I w-md. pink 27Q Q.76 Q Q.00 Q.lQl Q.84 Q.06Q2± 16 622± 15 610±58 
29.1 md, puep 912 1.47 I Q.QI Q.251 3.16 Q.0913±7 1445.:!:.32 1452±15 
}Q.I md. puep 414 I.IQ I Q.02 Q.285 3.98 Q.IQ13±19 1615±}6 1648±19 
}!.! core, purp 521 Q.22 17 Q.47 Q. 131 2.Q7 Q.l 149+...25 792±19 1878±40 
['20.'. Pb% denotes lhe percent.age of common 206Pb in the measured 106Pb. Pb in 206pbf23Su. 201pbf2J5u. and 207Pb/2Qt,Pb rauos mcludes 
radiogcnic lead only. md =rounded, w-md =well rounded, n·md = nol rounded, znd =zoned, eu-md cuhcdrally wned. w-md = weak.Jy zoned, 
pris = prismatic, s-pris = shon prismaric, L-pris =long prismalic. ogr overgrowi.h. purp = purple, w = ..,,. h11e, incl= mclusion-bearmg. L-br = 
light brown, n-sp = irregularly shaped. Uncen.aintie.s arc at 1 sigma level. 
207 Pb/1Cl6Pb ages in part reflects the lower precision of the nally structureless and some contain a variety of inclusions. 
measurements. One zircon grain gives a poorly constrained A few are euhedrally zoned and also less rounded or faceted. 
2
°"Pb/ 238U age of -1000 Ma, which may be indicative of a The original crystal shapes are dominantly short prism a-
maximum deposition age of the Heavitree Quartzite. tic, with some being long prismatic or needle-like and sev-
The zircon population in 89-519 is more complex than era! others drop-like or irregular. A few grains have a core-
those in HQ-I. The intensity of modification by transpor- overgrowth structure. 
tation varies from grains to grains, ranging from well rounded Most of the zircons analysed yield concordant or nearly 
through poorly rounded to faceted. Most of them are inter- concordant results and tend to fall into several age groups. 
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Heavitree Quartzite 
2250 
0.20 
C:::J 1000 
s.o 
,,#' 
.9?:.~ • '>000 
Histogram of 207 Pb/ 106 Pb ages 
(interval = J 00 Ma) 
includes 31 values 
15.0 
2900 I 
I 
I 
20.0 
FIG. 5. ' 06 Pb/"'U vs. 207 Pb/"'U concordia diagram for zircon ion probe data of the Heavitree Quartzite sample 
(HQ-I). These data form a somewhat continuous range around the concordia with ' 0'Pb/ 2""Pb ages varying from 
1450 to 1900 Ma, typical of the Arunta Block. Only a few grains give Archaean and mid- to late-Proterozoic ages. See 
text for discussion. 
with six main age groups being identified and the weighted 
means of ages given in Fig. 6. Three analyses, including two 
purple-coloured structureless cores ( 24.1 and 31.1) and one 
purple-coloured structureless grain, have the same 20'Pb/ 206Pb 
ages within errors with a weighted mean of 1978 ± 48 Ma. 
The second group includes Jive pink- to purple-coloured. 
rounded grains. They yield concordant results (with < J 0% 
discordance) and the same 207Pb/ 206Pb ages within errors. 
which are weighted at 1633 ± 24 Ma, respectively. The third 
and fourth groups include grains with various crystal shapes 
and no internal zonation. They yield weighted means of 
207Pb/ 206Pb ages of I 189 ± 54 Ma and 959 ± 109 Ma. re-
spectively. The fifth group have virtually no infrastructure 
either. Their 206Pb/ 238U ages overlap each other within errors 
which give a weighted mean of 615 ± I 5 Ma. The youngest 
group contain four analyses on two grains, both of which are 
not rounded and display original short prismatic shape. with 
one being euhedrally zoned. The weighted mean of their 
206Pb/238U ages is 511 ± 20 Ma. In addition, one euhedrally 
zoned grain ( 9. l) with discordant signature may also belong 
to this group, although its age is poorly defined due to inten-
sive Pb loss. The remaining three concordant analyses ( 23.1, 
20.1, and 29. l) which are not pooled into any group have 
207 Pb / 206Pb ages of 1802, 1575, and 1452 Ma. respectively. 
The implications of these zircon populations will be discussed 
later on. 
REE FRACTIONATION AND THE PROVENANCE AGES 
OF SEDIMENTS: THEORETICAL MODELS 
It is generally believed that continental crust was differ-
entiated from depleted mantle sources (e.g., DEPAOLO, 1981: 
MCCULLOCH and COMPSTON, I 981; ALLEGRE and BEN 
OTHMAN, 1980). The time since continental crust was sep-
arated and fractionated from the depleted mantle is given by 
TN" I [ ' ~~ ' ~d] 
DM = Q _fr_D_M __ fm- (I) 
using the notation of DEPAOLO and WASSER BURG ( 1976 ), 
Q = IO'·>.· [ ('''Sm/ '"Nd lcHuR /( " 3Nd/ '"Nd lcHuR] 
= 0.025 I m.y. ': 
>. = 6.54 x 10-" m.y.- 1: 
_fr.,M = 0.144 is the Sm/Nd fractionation factor of present-
day depleted mantle: 
Nd 
fDM +I 0 is the , Nd value of present-day depleted mantle; 
fm and '~dare measured values given by 
/Sm;!'-.d ( 
147Sm/ 144Nd )SAMPLE 
('''Sm/ '"Nd)cHUR 
---------I X IO' 
[ 
143Nd/ '"Nd )SAMPLE ] 
( " 3Nd I "'Nd lrnuR 
and Trit is the depleted mantle model age. As this age rep-
resents the time of crustal formation, it is also quoted as 
crustal formation age ( T~$). 
The provenance (formation) age of a sediment ( T~d) is 
here defined as the time since its source material was originally 
fractionated from the mantle. If the sediment reaching its 
depositional site has the same fm and , ~" values as present 
in its source region. i.e .. no REE fractionation has occurred, 
then 
If mixing between source components occurs, T~d equals the 
weighted mean of the Tri~'s of the source components. This 
relation is the basic assumption for many generalised crustal 
evolution models based on Sm-Nd isotopic systematics of 
elastic sediments (e.g .. MCCULLOCH and WASSERBURG, 
1978; ALLEGRE and ROUSSEAU, 1984; O'NJONS et al., 1983 ). 
However, if REE fractionation occurs during sedimentary 
sorting, then the above relation will not hold. 
Theoretically. there are three limiting cases for REE frac-
tionation: 
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FJG. 6. 206Pb/ 238U vs. 207Pb/rnU concordia diagram for zircon ion probe data of the Goyder Formation sample 
( 89-519 ). This sample yields a variety of age groups. indicative of multisource mixing provenance. See text for discussion. 
Errors quoted here are at 95% confidence level. 
I) Syn-deposition fractionation, which occurs during de-
positional processes, e.g., preferential absorption ofREEs 
by clay and other secondary minerals forming during de-
position. 
2) Pre-deposition fractionation, normally a11ributed to pref~ 
erential saning of preexisting REE-rich phases such as 
zircon, garnet, sphene, monazite, allanite, epidote, and 
apatite, which have undergone an earlier period of 
REE re-equilibration during metamorphism, infracrustal 
melting, or an earlier cycle of sedimentation. 
3) Post-deposition fractionation, caused by post-depositional 
diagenesis, metamorphism, alteration, or weathering of 
the sediments. 
The Case of Syn-Deposition REE Fractionation 
This case can be illustrated in Fig. Sa, which is basically 
similar to Fig. 2 of NELSON and DEPAOLO ( 1988). Here, 
fi)M,.f~- and/;,, represent the Sm/Nd fractionation factors for 
the depleted mantle. the source of the sediments (prove-
nance), and the measured value in the sediments. respec-
tively.'~~"'~". and,;;;" represent the notations for present-
day depicted mantle, the present-day source, and the mea-
sured sediments. respccti vely. T~\'.,, T~", T~;', and T'(" 
represent the calculated depleted mantle model age, the 
provenance formation age. the stratigraphic or depositional 
age. and the REE fractionation age, respectively. 
In this case. TJ" = T~~. The calculated T~\'., values are 
either higher or lower than the T~". depending on the Im of 
the samples. If/~, > /~, then T~'.i., > T~". If Im <fr,, then 
T~\'., < T~" Only if Im =fr,, then T~~ = T~". 
In this case the following relationship holds: 
(2) 
where ,N"( TJ") is the notation for the measured sample at 
time T7d, which corresponds to the "'Nd/ 144 Nd ratio of the 
sample at the time T'(". 
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Combining Eqns. ( l) and (2), then 
TNd = TNd + [ E g~ - E Nd ( T f ) Q -!oM . nd ] ( 3 ) 
~ r kM-h . 
In this equation, if T7d remains constant. then T~~ is linearly 
correlated with l / UoM fm ). This means for a set of sedi-
ments derived from a common source. whose REEs have 
been variably fractionated during sedimentary recycling. the 
calculated T~~ should be correlated with I /UoM - /ml- By 
plotting T~~ against l /UoM - fm), these sediment samples 
should fit on a straight line with the intercept on the T;:;~, 
axis equal to T7d. This straight line should also pass through 
the coordinate point [I /UoM - J;,), T~d] for the average 
source. Using this relationship, the average T~d for this set 
of sediments can then be estimated through interpolation. if 
the J;, is given or can be estimated using independent data. 
J;, is normally expected to be very close to the bulk continental 
crust value. 
The Case of Pre-Deposition REE Fractionation 
This case can be illustrated in Fig. Sb. In this case. the 
following relation holds: 
Eqn. ( 3) also applies to this case. Similarly a linear correlation 
between T~~ and l /UoM - fm) will require the presence of 
a common source with a common T7d in a suite of cogenic 
sediments. As an illustration, consider three sediments with 
varying amounts of REE-rich phases. The first sediment con-
tains REE-rich mineral 1, which has a lower Sm/ Nd ratio 
than the source (e.g., allanite) and therefore has fm 1 < fr. 
The second sediment contains REE-rich mineral 2. which 
has a higher Sm/Nd ratio than the source (e.g .. zircon) and 
thereforefm2 > J;,. The third sediment contains both minerals 
and thereforefm 1 <fm3 <fmi· The two minerals were formed 
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FIG. 7. Tg::., vs. 
0 22 147 144 
) diagram for samples from ( . 5 - Sm/ Nd 
the Arunta (n = 45) and Musgrave (n = 19) Blocks (data from 
W!NDRIM, 1983; McCULLOCH, 1987; MABOKO, 1988; Zhao and 
McCulloch, unpubl. data). Plots of the two blocks are clearly separated 
by markedly different Tg::., but their '"Sm/ "'Nd ranges are similar. 
See text for discussion. 
by magmatic crystallization in the source region and therefore 
have a common T7". Thus. because of the different f values, 
these three sediments will have three different Nd model ages 
with the following relation: T~~' < T~~3 < T~~2 . On the 
T~~ vs. l /UoM - fm) diagram (e.g., Fig. 2 ), they will define 
a straight line which passes through the [ l /(foM - J;,), 
T~d] coordinate point of the provenance. However, if a REE-
rich mineral (e.g .. zircon) represents several age populations 
(e.g .. some formed during magmatic crystallization and others 
during metamorphism). then the mixture of these populations 
will have an average T7" which is the weighted mean of the 
crystallization ages of the whole population. If different REE-
bearing minerals (e.g., zircon and garnet, both of which may 
have been formed during both magmatism and metamor-
phism) present in the sediments have the same average 
T7d's, then the above discussed correlation will also hold. If 
they do not have the same average T7" 's (in cases where one 
was formed during magmatism whereas the other, during 
metamorphism), then the above discussed correlation may 
not hold. or if an apparent correlation is present, it may rep-
resent a mixing trend between these minerals. 
Post-Deposition REE Fractionation 
In this case. the following relation holds: 
The Sm-Nd isotopic systematics will be further complicated, 
but Eqn. ( 3) still applies to this case. 
In summary. there are three general cases describing REE 
fractionation in sediments. If these three types of REE frac-
tionation occur independently. there is a common relation-
ship. i.e .. Eqn. ( 3). which applies. In favourable situations, 
e.g .. for a set of sediments derived from a common source 
( P) and fractionated in REE at the same time ( T7"), their 
T~~ will be linearly correlated with 1 /UoM - /ml· Logically, 
sediments from one stratigraphic unit are most likely to be 
derived from the same source and therefore may closely ap-
proximate the above prerequisites. This is what has been ob-
served for the Amadeus Basin sediments (Fig. 2). 
However. these cases are only idealized situations. In real-
ity. all three processes of REE fractionation may occur and 
be superimposed in the same sediments. Consequently, the 
REE and Sm-Nd isotopic systematics may in detail be very 
complicated. The T~~ ages calculated using Eqn. (I) may 
therefore reflect the superimposed effects of these three types 
of fractionations and therefore have little geological meaning. 
ORIGIN OF REE FRACTIONATION 
The most striking feature observed from the Amadeus Ba-
sin sediments is the excellent correlation between T~)!, and 
1
'
7Sm/ 144Nd (Fig. 2) and the relatively wide range of 1' 7Sm/ 
'''Nd (Table 3). This is contrary to the general belief that 
elastic sediments tend to retain the relative abundance of 
REEs present in their source region and therefore a relatively 
constant 147Sm/ 144Nd (e.g., MCLENNAN and TAYLOR, 1982). 
It may be argued that such a correlation could be due to 
a mixing process between a source with lower 147Sm/ 144 Nd 
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and younger T~~1 and a source with higher 147Sm/ 144 Nd and 
older T~K1 • However, such sources have not been identified 
in the adjacent basement blocks. Figure 7 illustrates the Nd 
isotopic data obtained from both the Arunta and Musgrave 
Blocks. As is seen, no correlation between 147Sm/ 144 Nd and 
T~;!, is present. Data from these two basement blocks are 
characterised by a similar range of '"Sm/ 144 Nd ratios but 
different r;-;;!, and therefore fall into two separate regions. 
The average 147Sm/ 144 Nd values and Ti);!, ages calculated for 
the two basement blocks are listed in Table 3 and plotted in 
Fig. 2. lf mixing between material derived from these two 
basement blocks occurred. the resultant sediment data would 
be expected to align along the line joining the two basement 
fields. The actual trends of the sediment suites are perpen-
dicular to the basement mixing line (e.g .. Fig. 2), suggesting 
that they are generated by a simple mixing process involving 
the two basement blocks. 
As an extreme view, one may argue that the trends in Fig. 
2 could be explained in terms of a mixing process between 
the source rocks with the lowest 147Sm/ 144 Nd ratios in the 
Musgrave Block and the source rocks with the highest 147Sm/ 
144 Nd ratios in the Arunta Block (see Fig. 7). However. such 
a model is unrealistic as these endmembers are rare in both 
basement blocks. In addition. there is no reason to explain 
why such a mixing process would be so selective. Funher-
more. even the rocks with the lowest 147Sm/ 144 Nd ratios in 
the Musgrave Block are still too high in '"Sm/ '"Nd and too 
old in T~;!, to be an end member of such a mixing process 
for producing the observed ranges in Fig. 2. 
We attribute each correlated trend defined by each set of 
the Amadeus Basin sediments in Fig. 2 to REE fractionation 
caused by processes during sedimentary recycling, whereas 
data arrays of different stratigraphic units appear to be related 
to different proponions of mixing between two source com-
ponents, an Arunta-type component and a Musgrave-type 
component. Such trends can also be discerned in published 
data (e.g., DA VIES et al., 1985: O'NIONS et al., 1983: GHOSH 
and LAMBERT, 1989 ). For example. in O'NJONS et al. ( 1983 ). 
sediments from the same unit in the Southern Uplands, Brit-
ain, show excellent correlation between T~;!, and 1' 7Sm/ '''Nd 
ratios. 
Preferential saning of preexisting REE-rich minerals such 
as zircon, garnet, monazite. sphene. apatite. allanite, and even 
less REE-rich minerals such as hornblende, mica. and feld-
spars (richer in REE relative to quanz) may be responsible 
for REE fractionation in the sediments. Fractionation is more 
likely to occur in coarse-grained sediments, as they are com-
posed mainly of quanz and therefore contain very low RE Es. 
Thus. a small amount of REE-rich minerals will contribute 
a significant proponion of REEs to the total rock and dom-
inate the REE budget. This could be the case for sample 89-
503, which is a pure quanzite. containing a very low abun-
dance of REEs ( 3-5 times lower than the other quanzitc-
sandstone samples). In this sample, very small amounts of 
high Sm/ Nd phases such as zircon (which is present in thin 
section) may have made a significant contribution to the 
REE and Sm-Nd isotopic signature of the whole rock. 
l n contrast with the observations of FROST and WJNST01' 
( 1987) that coarse-grained sediments generally have higher 
Sm/ Nd ratios than their fine-grained equivalents, Sm/Nd 
ratios of coarse-grained sediments from the Amadeus Basin 
straddle the bulk continental value. We note that the REE-
rich trace minerals have a wide range of Sm/Nd ratios en-
compassing the bulk continental value, some of which, such 
as allanite and sphene, may have average values lower than 
the bulk continental crust value (e.g., GROM ET and SIL VER, 
1983). Thus, the preferential incorporation of REE-rich 
minerals in sediments may result in the Sm/Nd ratios either 
higher or lower than the bulk continental value, or the 
provenance. 
Preferential saning of REE-rich trace minerals may also 
be responsible for REE fractionation in fine-grained elastic 
sediments. Some studies on size fractions of fine-grained sed-
iments indicate that small amounts of heavy minerals such 
as zircon and garnet present in the silt fractions of the sedi-
ments mark a significant contribution to the total REE con-
tents and tend to lower the LLREE/ LHREE ratios (CULLERS 
et al., 1979). Such heavy minerals were also found to be 
present in the "Nonh American Shale Composite" and clearly 
affect its REE pattern (GROM ET et al., 1984). 
On the other hand, REE patterns of sediments can also be 
affected by physiochemical environments (e.g., Ph and Eh 
values) during the processes of erosion, transportation, and 
deposition. CULLERS et al. ( 1979) demonstrated that the La/ 
Lu ratios of the <2 µclay fractions of sediments are positively 
correlated with the absolute REE content, which was attrib-
uted to the preferential absorption of LREEs relative to 
HREEs by clay minerals. They also indicated that the clay 
fractions of the sediments composed the bulk of the REEs 
in the whole-rock sediments. lt is imponant to note the ma-
jority of clay minerals in the sediments are secondary minerals 
forming during sedimentary recycling, and their trace element 
features should be controlled by the physiochemical envi-
ronments during sedimentation (KOLMER and WJRSCHING, 
1986 ). 
Recently, AWWILLER and MACK ( 1991) have demon-
strated that Sm/ Ncl ratios can in some cases be modified by 
diagenetic reactions. e.g .. feldspar dissolution and albitization, 
smecite illitization, carbonate cementation, and dissolution, 
which therefore adds more complexity to the Sm-Nd isotopic 
S\'Stematics of the sediments. They observed variable frac-
tionation of Sm from Nd in diagenetic products, which results 
in a decrease of Sm/Nd ratios in diagenetic illite and an in-
crease in pore fluids and ankerite cement. They concluded 
that T~;!, of the sediment can be modified by two diagenetic 
mechanisms: ( l ) loss of radiogenic Nd from the sediment 
and ( 2) mineralogic fractionation of Sm from Nd during 
diagenetic mobilization of REEs. Similar observations of Sm/ 
Nd fractionation during repeated diagenesis have been doc-
umented by OHR ct al. ( 1991). 
Jn summary, apan from source control, there are also sev-
eral other factors which control the REE features of sediments. 
They include ( 1) preferential saning of preexisting trace 
minerals such as zircon, sphene, monazite, garnet, allanite, 
hornblende, feldspar, and mica (e.g., FROST and WINSTON, 
1987): (2) preferential absorption of LREEs relative to 
!-IREEs by clay minerals such as illite, kaolinite, montmo-
rillonitc, and chlorite (e.g., CULLERS ct al., 1979 ): and ( 3) 
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preferential loss of Nd during burial diagenesis (A WWILLER 
and MACK. 1991 ). 
Origin of REEs in Carbonates 
Three carbonate samples collected from the same strati-
graphic unit ( BSF) of the Amadeus Basin also have a range 
of 14 'Sm/ 144 !'-:d ratios from 0.109 to 0.129. which are signif-
icantly correlated with Ti;'.(, and Nd (Table 2. Fig. 2). Thin 
section examination indicates that sample 89-573. which has 
higher Nd. contains more noncarbonate components such 
as siliceous materials and iron oxide spots than sample 89-
521 C. which has lower Nd. It is impo11ant to understand the 
origin of Rf Es in carbonates and the implications of their 
Nd signatures. and whether similar REE fractionation pro-
cesses as obser\'ed in the elastic sediments are also involved 
in carbonates. 
It has been documented that ancient carbonate sediments 
contain much higher abundances of Nd than authigenic car-
bonate minerals. in orders of 10 to 10 1 (SHAW and WASSER-
BURG. 1985). SHAW and w ASSERBURG ( 1985) argued that 
such high abundances of REE were derived from seawater 
through processes such as ( 1) absorption of REEs on grain 
boundaries: ( 2) the presence of a REE-rich minor phase as-
sociated with carbonate. e.g .. iron hydroxide and ( 3) seawater-
rock interaction during diagenesis. In contrast, PAREKH et 
al. ( 1977) suggested that high REE contents in carbonate 
rocks are pal1ly due to the presence ofnoncarbonate. or elas-
tic. components in them. They demonstrated that REE 
abundances of limestones are positively correlated with the 
amounts of HCl insoluble noncarbonate components. and 
REE pa11erns for whole-rock limestones are parallel to those 
for the noncarbonate residues. 
For this reason. the similarity of Sm-Nd isotopic charac-
teristics and REE pallerns between ancient carbonates and 
shales (e.g .. Table J. Fig. Ja), the presence of noncarbonate 
components in the carbonates and the absence of negative 
Ce anomaly ( PAR!:KH et al.. 1977: NA0CE and TAYLOR. J 976: 
Fig. 3a) arc interpreted as suggesting that the Sm-Nd isotopic 
systematics of the carbonates analysed in this study are char-
acteristic of the continental source from which they were 
derived rather than the seawater from which they were pre-
cipitated. In addition. it has been found that Nd has a much 
shol1er oceanic residence time (less than a few hundred years: 
Got.DBERCi et al.. 1963: ELDERF'IELD and GRE.AVES. 1982) 
as compared with Sr (~10- 0 years). Therefore. the ,''d{()) 
values in present-day oceans are more variable compared 
with the remarkably uniform PSr / 86Sr ratio of 0. 70905 in 
all oceans (SHAW and WASSER BURG, 1985 ). This implies 
that even the Nd signatures in ancient seawaters are. to some 
extent, representative of a relatively local crustal segment 
from which the Nd was derived. rather than the average crusl 
of the time. 
Nd CONSTRAINTS ON THE PROVENANCE 
OF TllE AMADEUS BASIN SEDii\IENTS 
Stratigraphic evidence implies a close rebtionship between 
the Amadeus Basin sediments and the Arunta and Musgrave 
blocks. To use the isotopic composition of the sediments to 
fu11her constrain the history of the basin, it is necessary to 
know the general isotopic characteristics of both basement 
blocks. For this purpose, forty-five Sm-Nd isotopic analyses 
from the Arunta Block and twenty from the Musgrave Block 
were compiled from available published and unpublished 
sources. These data are plolled in Fig. 7 and the average 
values for both blocks are listed in Table 3. The 147Sm/ 144Nd 
ratios for both blocks are remarkably similar to previous es-
timates of average continental crustal values (e.g., MCLEN-
NAN and TAYLOR, 1982; ALLEGRE and ROUSSEAU, 1984; 
FROST and WINSTON, 1987). These average values have been 
used to project the Nd evolution trajectories for both blocks 
in Fig. 9. 
However. there are some problems in using these param-
eters to constrain the Amadeus Basin sediments. Firstly, do 
the average values obtained from the compilation represent 
the true bulk Nd isotopic composition of each block? This 
depends on whether our selections are representative of the 
composition of the total block through time. i.e., whether 
the data set is statistically significant. If we accept the sug-
gestion by MABOKO ( 1988) that significant uplift in the Mus-
grave Block. probably down to lower crustal levels, occurred 
pre-1150 Ma. i.e .. prior to the formation of the Amadeus 
Basin, the sediments of the Amadeus Basin would have been 
derived from only those removed during later-stage minor 
uplift. Their characteristics would therefore be similar to the 
present-day surface rocks present in their proposed source 
region. For the Arunta Block, the uplift history is more com-
plicated and varies throughout the region (e.g., WARREN, 
1983: WJNDRIM and McCuLLOCH, 1986: SHAW, 1987; ZHAO 
and COOPER, J 992 ). Material from different crustal levels 
may have been exposed during the evolution of the Amadeus 
Basin. However. our data compilation for the Arunta Block 
includes samples of different crustal levels and is therefore 
likely to be representative of the whole block. A second con-
sideration is that it is possible the source region of the Ama-
deus Basin sediments may greatly exceed the exposed area 
of the two basement blocks. However. PLUMB ( 1979) grouped 
the Australia Proterozoic blocks into two orogenic provinces, 
the early Proterozoic NoI1hem Australian Orogenic Province 
and middle Proterozoic Central Australian Orogenic Prov-
ince. Blocks from each Province have similar Nd crustal for-
mation ages (MCCULLOCH, 1987) and U-Pb zircon ages (e.g .. 
PAGE. 1988). respectively. For example. the early Proterozoic 
blocks. including the Arunta. Tennant Creek. Mount Isa, 
Georgetown. Halls Creek. and Granite Tanami. have similar 
Nd crustal formation ages ranging from 2.2 to 2.0 Ga and 
U-Pb zircon ages of 1.9-1.5 Ga. The middle Proterozoic 
blocks. including Musgrave and Albany-Fraser, have Nd 
crustal formation ages of I. 9-1. 7 Ga and U-Pb zircon ages 
of 1.7-1.0 Ma ( MABOKO. 1988: PIDGEON, 1990). The Arunta 
and Musgrave blocks are typical of these two Proterozoic 
Orogenic Provinces, respectively. 
The <NJ( T) values for samples of the Amadeus Basin are 
calculated using their depositional age estimates (Table 3). 
These samples are plotted on a , Nd vs. time diagram in Fig. 
9. Most of the sediments fall into the region defined by the 
two basement evolution trajectories, suggesting that the 
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Amadeus Basin sediments are intimately related to the two 
basement blocks probably by source material mixing pro-
cesses. Stratigraphically higher sediments plot closer to the 
Musgrave Block trajectory, implying an increasing proportion 
of material from the Musgrave Block was mixed into the 
Amadeus Basin sediments. From this diagram, no significant 
Archaean source components are identified. 
Three of the four samples from the Heavitree Quartzite 
(HQ) have a similar isotopic composition to the Arunta 
Block. One sample ( 89-574) with duplicate analyses, however. 
falls on the Nd trajectory of the Musgrave Block and cannot 
be related to a similar source as other samples. This analysis 
( 87-574) has an extremely low '"Sm/ '"Nd ratio, suggestive 
of a REE fractionation process. As illustrated in Fig. 9, its 
Nd evolution trajectory intersects with the Arunta evolution 
trajectory at almost zero or even negative age on the time 
axis, indicating a derivation from an average Arunta source 
being very unlikely even ifREE fractionation occurred. Thus, 
the preferred explanation is that this anomaly could be due 
to a younger local source. Younger T~~' and lower 147Sm/ 
'"Nd ratios were obtained from some granitic rocks near 
the Alice Springs area ( unpubl. data). These rocks are rea-
sonable candidates for the source of sample 89-574. 
The samples of Bitter Springs Formation ( BSF) also have 
a range of,"'"( T) values, consistent with a contribution of 
20-50% material from the Arunta Block. The variation in 
, Nd( T) values is also possibly due to the deposition age, which 
may have been underestimated. If a slightly older deposition 
age is assumed, the plots will become closer. The BSF samples 
are mainly carbonates, whose REEs might have been derived 
from a larger area than the present-day exposures of the 
Arunta and Musgrave blocks. Lithostratigraphic evidence 
(e.g .. SHAW, 1987) suggests the basement Arunta and Mus-
grave blocks were mostly covered during tne deposition of 
the BSF. In this case, Nd features of the BSF samples may 
suggest mixing of two distinct sources similar to the Musgrave 
and Arunta blocks, respectively. on a scale exceeding the 
present exposure of the two basement blocks. However, as 
little information is known of the basement underneath the 
huge Simpson and Gibson Deserts, the source region for the 
BSF remains unconstrained. 
The datum for the only sample from the Areyonga For-
mation (AF; 89-575) is consistent with mixing of 20% of 
Arunta material with 80% of Musgrave material. In contrast. 
the sample from the equivalent sequence in the south, the 
lnindia Beds ( 89-578 ), is distinctive. It seems to be related 
to a much younger and more radiogenic source which is un-
known in central Australia. As the Inindia Beds are mainly 
of glacial origin (WELLS et al.. 1970), it is possible that such 
a drillhole rock might be an erratic. 
The analyses of the Pertatataka Formation (PF), the 
equivalent Winna! Beds (WB) in the south of the Amadeus 
Basin, and the equivalent Elyuah Formation (EF) in the 
southern margin of the Georgina Basin cluster closely to-
gether. Their localities in the diagram imply a similar origin 
to the sediments of the Areyonga Formation. 
The plots defined by the AS, SF, and the GF of the latest 
Proterozoic to late Cambrian Pertaoorrta Group are even 
closer to the Musgrave trajectory. This indicates that their 
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material was mainly derived from the Musgrave Block, which 
is consistent with the sedimentological evidence. 
There are some additional uncertainties in using the con-
cept of Fig. 9 to identify the source of the sediments. First, 
the depositional ages of the sediments are largely interpretive. 
This uncertainty in the ages will cause large errors in locating 
the provenance. This is because if REE fractionation occurred 
during deposition, the evolution trajectories of the sediment 
and the provenance will project at an angle and intersect at 
the time of deposition (e.g., Fig. 8a). The determination of 
this intersection, which represents only true provenance lo-
cation on the sediment trajectory, requires the depositional 
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age to be precisely known. Secondly, as can be seen from 
Fig. Sb, if preferential sorting of preexisting REE-rich phases 
has occurred, the Nd evolution trajectory of the sample may 
not intersect the Nd evolution trajectory of its provenance 
at the time of deposition. and therefore the plot of such a 
sample in Fig. 9 does not represent the location of the 
provenance at that time. 
However, these problems can be avoided to some degree 
by using the theoretical models previously discussed and the 
significant correlation between 147Sm/ 144Nd ratios and T~~ 
in Fig. 2. As can be seen in this diagram, the data arrays of 
each stratigraphic unit are strongly correlated (correlation 
coefficients >0.96 ). Thus, if the 147Sm/ 144Nd ratios of the 
provenance for each stratigraphic unit are known or can be 
estimated, the average provenance age for each unit can be 
interpolated. Here assuming the provenance of the Amadeus 
Basin sediments is related to a source mixing process involving 
materials from both Arunta and Musgrave blocks, then the 
intersections of the "Arunta-Musgrave mixing line" with each 
correlated trend represent the coordinates of the provenances 
for each stratigraphic unit, which correspond to its average 
provenance age and mixed 147Sm/ 144Nd ratios, respectively. 
On the other hand, the intercept of each correlated trend on 
the T~~ axis corresponds to the average T7d for each set of 
cogeneic sediments. Results obtained through this method 
are given in Table 6. These results suggest that the average 
provenance ages decrease as depositional ages of the strati-
graphic units became younger. This conclusion is similar to 
that made on the basis of Fig. 9. Another interesting result 
derived from Fig. 2 is that the calculated T7d's for each unit 
except the Heavitree Quartzite are within regression error 
remarkably consistent with their corresponding depositional 
ages. This suggests that physiochemical reactions during 
weathering, erosion, transportation, deposition, or diagenesis 
(which may have occurred during a short period of time) are 
likely to be principal processes responsible for REE fraction-
ation. This possibility is consistent with observations of 
A WW!l.LER and MACK ( J 99 J ) • 
However, if a group of sediments show a correlation be-
tween T~:;'., and 147Sm/ 144 Nd ratios but do not have a common 
provenance, the provenance age obtained using this method 
may represent an unweighted mean of their provenance ages, 
whilst the T7d may be meaningless. This could be the case 
for samples of the Heavitree Quartzite. 
Many models for the evolution of continental crust have 
been proposed on the basis of Nd isotopic constraints derived 
from studies of fine-grained elastic sediments (e.g., O'NJONS 
Table 6: Coordinate values of intersections (Fig. 2) between "Aruna-Musgrave mixing 
line" and the best-fit Jines for each stratigraphic unit of the Amadeus Basin assuming a 
two-source mixing provenance for these sediments. See text for discussion. 
T: (Ma) T~(Ma) T;*' (Ma) (l47Srn/l 44 Nd)m;, % Arunta % Musgrave 
Arunta 2142 0.l I4I 100 0 
l!Q 850 256 2040 0.1153 70 30 
BSF 830 964 I919 0.l 167 35 65 
PF+WB+EF 660 458 1897 0.I I69 27.5 72.5 
PF+ WB+EF(no 89-539) 660 622 1899 O.I 169 27.5 72.5 
AS+SF+GF 600-510 600 I 8I 8 0.1179 5 95 
;\.Jusgrave I797 0.1 I81 0 100 
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et al., 1983; GOLDSTEIN et al., 1984; ALLEGRE and ROUS-
SEAU, 1984: MICHARD et al., 1985; GOLDSTEIN and JACOB-
SEN, 1988: DIA et al., 1990). Most studies have shown that 
the degree of infracrustal addition is decreasing whilst the 
extent of crustal recycling is increasing with geological time. 
These evolution models are all based on the assumption that 
line-grained sediments upon reaching their depositional sites 
retain the relative abundances of REEs as found in the source 
region and no REE fractionation occurred during sedimen-
tary recycling (e.g .. MCLENNAN and TAYLOR, 1982 ). In study 
of the Amadeus Basin sediments, we have demonstrated that 
( 1) REE fractionation did occur during sedimentary recycling 
and ( 2) Sm-Nd isotopic systematics in elastic sediments may 
be related to relatively local sources rather than a source of 
a continental scale. Accordingly, caution should be taken in 
using limited and unconstrained Sm-Nd studies for gener-
alized crustal evolution models. 
ZIRCON U-Pb CONSTRAINTS ON THE PROVENANCE 
OF THE AMADEUS BASIN SEDIMENTS 
Figure 10 illustrates the histograms of 207Pb/ 206Pb ages of 
zircons from the Arunta and Musgrave blocks and two an-
alysed Amadeus Basin sediments. Ages younger than 900 
Ma for the Goyder Formation sandstone are not included in 
its histogram. 207Pb/ 206Pb ages of the Arunta Block obtained 
using both ion probe and conventional isotope dilution 
methods are specified using different patterns. 207Pb/ 206Pb 
ages of the Musgrave Block were all obtained by the SHRIMP 
ion probe. All the ion probe data are screened and only those 
with < l 0% discordance are used. 207Pb / 206Pb ages of the 
Musgrave Block 
(by Ion Probe, Maboko, 1988) 
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FIG. 10. Histograms of 207 Pb/ 2°"Pb ages for zircon U-Pb isotopic data from the Arunta and Musgrave blocks, and 
from the two analysed samples. Most of the zircon populations in the Heavitree Quanzite appears to be derived from 
an Arunta-type source, whilst the majority of the zircon populations in the Goyder Formation sandstone are consistent 
with derivation from a Musgrave-type source. References to data from the Arunta and Musgrave blocks are shown in 
the figure. Sec text for discussion. 
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conventional analyses include only those which are very close 
( < l % discrepancy) to their corresponding upper intercept 
ages. Only those data sets whose upper intercept ages have 
been confidently interpreted as crystallization ages are chosen. 
According to our experience, data with <20% discordance 
normally have 207Pb/ 206Pb ages which are very close to their 
upper intercept ages. References to Arunta and Musgrave 
data are shown in the diagram. 
The majority of 207Pb/ 206 Pb ages from the Arunta Block 
range from 1550 to 1900 Ma with a sharp peak occurring 
around 1700 to 1850 Ma. There are also some inherited Ar-
chaean ages. This pattern appears to be consistent with that 
documented by PAGE ( 1988). which suggests intensive in-
fracrustal remelting and subsequent metamorphism having 
occurred in central Australia during this period. However, 
as few U-Pb zircon data are available from the Arunta Block, 
this pattern may not be representative of the distribution of 
zircon populations of the whole block. 207Pb/ 206Pb ages from 
the Musgrave Block appear to be more scattered, ranging 
from 1000-17 50 Ma, with two peaks. one around 1200 Ma 
and one around 1500 Ma. MABOKO ( 1988) interprets the 
older peak as protolith age, whilst the second peak as the age 
of extensive high-P, high-T granulite facies metamorphism. 
The histograms of both basement blocks overlap a range from 
1550to 1750Ma. 
The bulk of the zircons from the Heavitree Quartzite plot 
near the concordia in Fig. 5 and yield a somewhat continuous 
range of 207Pb/ 206 Pb ages from 1450 Ma to 1900 Ma (Table 
5 and Fig. I 0). although three analyses of two grains indicate 
some Archaean inheritance. This age pattern implies that the 
majority of the zircon population are derived from the Arunta 
Block. A few grains with 207Pb/ 206Pb ages younger than 1550 
Ma are consistent with a derivation from the Musgrave Block. 
However. if this is the case, another population with 207Pb/ 
"'"Pb ages around 1200 Ma should be expected. An alter-
native explanation is that this group of zircons may be related 
to an unrecognised source component in the Arunta Block 
whose zircon age is younger. < 1550 Ma zircon ages were 
reported from other Proterozoic blocks such as the Mount 
Isa and Georgetown lnliers (e.g., PAGE. 1988, for review). 
Zircons from the Goyder Formation sandstone of late 
Cambrian depositional age yield six broad age groups (Fig. 
6). Note that the two youngest are not illustrated in Fig. IO. 
It is obvious that the oldest age group ( 1878 ± 48 Ma) is 
more likely to be related to an Arunta-type source, whilst the 
1189 ± 54 Ma group is typical of the Musgrave Block. The 
959 ± I 09 Ma group with its large error bar is also indistin-
guishable from the Musgrave Block zircon populations. The 
morphology of these two groups is also typical of that de-
scribed for the Musgrave Block zircons (MABOKO, 1988). 
The 1633 ± 24 Ma age group appears to be transitional be-
tween the Arunta and Musgrave zircon populations and 
therefore remains unconstrained in terms of their origin. The 
youngest age groups ( 615 ± 15 and 511 ± 20 Ma) are distinct 
from both Arunta and Musgrave zircon populations illus-
trated in Fig. I 0. Notably the 511 ± 20 Ma age is almost the 
same as the depositional age of the Goyder Formation and 
therefore suggests that these zircons must be derived from a 
nearby source with only a short distance of transportation. 
Volcanic activity of this age was found to have occurred in 
the Paterson Orogen, west of the Amadeus Basin (MYERS, 
1990), the Officer Basin, south of the Musgrave Block 
(LINDSAY et al., 1987) and the Warburton Basin, east of the 
Amadeus Basin (GATEHOUSE, 1986). MORTIMER et al. 
(1987) obtained a 520 Ma zircon age from a pegmatite in 
the Harts Range, eastern Arunta Block. Zhou Bo (Sydney 
University, pers. comm.) also obtained a similar ion probe 
age from volcanics in the Broken Hill area. Thus, these two 
groups of zircons could be related to late Proterozoic to Cam-
brian igneous activities in central Australia including the 
Musgrave Block or a local source yet unrecognised. 
Recently COMPSTON et al. ( 1990) have obtained evidence 
indicating that the Late Proterozoic/Cambrian boundary age 
is -520 Ma, rather than 570 Ma as has been generally ac-
cepted. Our youngest detrital zircon age of 5 J J ± 20 Ma 
from the late Cambrian Goyder Formation (with independent 
fossil evidence) appears to comply with the above proposed 
boundary age of 520 Ma. At least the late Cambrian would 
be younger than 5 J J ± 20 Ma, if the period of source region 
uplift and subsequent sedimentary recycling processes is 
considered. 
In summary, zircon populations in the Heavitree Quartzite 
are mainly derived from an Arunta-type source, whilst the 
majority of the populations in the Goyder Formation sand-
stone are consistent with a derivation from a Musgrave-type 
source. A younger population in the Goyder Formation ( 6 J 5 
and 510 Ma) appears to be related to late Proterozoic to 
Cambrian igneous activities in central Australia or an un-
recognised local source. 
Comparison Between Nd and Zircon U-Pb Constraints 
Integrated studies of sediment provenance combining both 
Sm-Nd and detrital zircon U-Pb isotopic systematics are rare. 
The only other case investigation in this manner was pre-
sented by Ross et al. ( 199 J ) using "conventional" single 
zircon techniques. 
Nd-depleted mantle model age (Ti;~) and detrital zircon 
U-Pb age are two independent parameters which relate to 
provenance of the sediment. The former provides information 
about the time when the source of the sediment was first 
extracted from the generally accepted depleted mantle, i.e .. 
the time of the formation of the source, whilst the latter gives 
the time of infracrustal remelting or metamorphic events 
when the zircon crystallized or recrystallized, i.e., the time 
of the second-stage evolution of the source. Therefore, by 
comparing the two parameters, one can obtain constraints 
on the provenance of the sediment and the possible mixed 
components in provenance. Jn this study, consistent con-
straints have been obtained using the two independent 
methods. 
Our study demonstrates that the combination of the two 
methods offers a belier resolution of the provenance of the 
sediment. For example, using Nd isotopic constraints alone, 
the involvement of Archaean component in the Amadeus 
Basin sediments cannot be confidently assessed, although in-
terpretation of the Sm-Nd results indicates an Arunta-Mus-
grave mixed provenance. The absence of a larger population 
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of Archaean-aged zircons, however, effectively rules out sig-
nificant involvement of Archaean-type sources. In this situ-
ation ion probe zircon technique appears to be more powerful 
in identifying individual source components in mixed prove-
nance. However, Nd isotopic constraints provide a belier es-
timate of the "average" provenance formation age of the sed-
iment, because Nd isotopic systematics is relatively indepen-
dent of infracrustal recycling whereas distribution of zircon 
populations is usually subject to infracrustal recycling. 
SUMMARY AND CONCLUSIONS 
I) Nd isotopic constraints indicate that the Amadeus Basin 
sediments were derived· from at least two source com-
ponents, probably related to the basement Arunta and 
Musgrave blocks or /and their equivalents. The propor-
tions of the Musgrave-type component increases with de-
creasing depositional ages. 
2) U-Pb zircon ion probe analyses on samples from the Late 
Proterozoic Heavitree Quartzite and the late Cambrian 
Goyder Formation agree well with the Nd isotopic con-
straints on the provenance of the Amadeus Basin sedi-
ments. However. U-Pb zircon ion probe technique proves 
to be a more powerful tool in resolving multi-component 
provenance of sediments. 
3) A significant correlation between calculated T~t (de-
pleted mantle model age) and 147Sm/ 144Nd ratios as ob-
served in the Amadeus Basin sediments is explained in 
terms of REE fractionation in these sediments. REE frac-
tionation may have occurred during pre-, syn- or post-
deposition processes. Theoretical models indicate that 
T~t cannot be taken as the provenance age of the sedi-
ments in case of REE fractionation. However, a method 
is developed which can be used for estimating the average 
provenance ages and average REE fractionation ages for 
cogenic sediments of the same stratigraphic unit, which 
have been variably fractionated in REEs. This method 
has been successfully demonstrated using the Amadeus 
Basin sediments. The results·suggest that sedimentary re-
cycling and burial diagenesis might have been dominant 
processes for REE fractionation in the Amadeus Basin 
sediments. 
4) Sm-Nd isotopic and REE features of carbonates are similar 
to their coexisting elastic rocks, which warrants further 
detailed studies. 
5) Dramatic negative Ce anomalies associated with extremely 
enriched LREE patterns and low Sm/Nd ratios found in 
some sediments of the Amadeus Basin could be due to 
the presence ofHCI soluble phases such as the weathering 
minerals lanthanite and/ or kimuraite. Caution should be 
taken in collecting surface samples, especially very fragile 
shales. 
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APPENDIX: SAMPLE DESCRIPTIONS 
89-503: White pure sandstone consisting of well-rounded. over-
grown quartz and trace amounts of silicate fragments, zircon. mus-
covite. and glauconite. Recrystallized with sutured grain boundary 
and interlocking texture. 
89-519: White pure fine-grained sandstone (0.1 - 0.5 mm) con-
sisting of quartz, zircon, and glauconite. 
89-520: Dark red arkosic sandstone consisting mainly of poored-
sorted angular quartz, feldspar, rock fragments, and mica. Lateric or 
ferruginous cementation and sericite alteration. 
89-521 A: Brown siltstone consisting of fine carbonate and quartz 
grains which are in filled with iron-rich plasma along grain boundaries. 
Forming thin discrete layers in thick piles of 89-521 C. 
89-521 C: Blue carbonate consisting of very fine pure carbonate 
crystals with a few euhedral quartz crystals (probably authigenic). 
89-528B: Thin. white-gray, silty shale layers in thick piles of sand-
stone of the Heavitree Quartzite. Deformed by late-stage movement. 
89-537: Blue-gray, greasy shale interlayered with carbonate of the 
Bitter Springs Formation. 
89-539: Red-c0loured. muscovite rich. ferruginous shale. 
89-549: Shaly siltstone with graded bedding. Consisting of fine 
quartz and muscovite with brown. fine. translucent calcareous-sili-
ceous plasma and some iron oxide spots. 
89-561: Gray quartz-rich shale. This unit forms long, narrow ridges, 
a spectacular landscape of the region. 
89-573: Blue carbonate consisting of recrystallized carbonate min-
erals and spoiled iron oxides. 
89-574: Light-brown sandstone (grain size 0.1 - 0.5 mm) con-
sisting of recrystallized quartzite. with a few grains of glauconite and 
zircon. Sericitzation along grain boundaries. 
89-575: Black carbon-rich shale. Core sample. 
89-577: Siltstone. Core sample. 
89-578: Brown calcareous siltstone. Core sample. 
89-579: Brown crystalline carbonate. Core sample. 
89-581: Layered. red-brown. coarse-grained sandstone consisting 
of perfectly rounded. recrystallized quartz ( 0.1 - I mm) and a trace 
amount of rock fragments. A zircon crystal ( - 50 µm) occurs 
as inclusion in a rounded quartz grain. Siliceous and ferruginous 
cementation. 
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Abstracts New SHRIMP U-Pb zircon isotopic ages are reported for ten granitic suites in the eastern 
Arunta Inlier. These data, combined with previous U-Pb zircon studies in the region, constrain the 
timing of major early-mid Proterozoic igneous events within the Arunta Inlier, and establish a 
geochronological framework to aid in the understanding of lithostratigraphic relationships, tectonic 
events, and geochemical and isotopic evolution of the granites in the region. 
The majority of granite suites in the Arunta Inlier, including both syntectonic and post-tectonic 
types, yield zircon ages in the range of 1710-1770 Ma, which are significantly younger than the 1850-
1880 Ma "orogenic" Barramundi Igneous Association recognised throughout many other Proterozoic 
terrains in northern Australia. No rocks of the Barramundi Association have been identified in this study. 
The previously proposed Barramundi-type suites, including the Jervois and Dneiper Granites, yield ages of 
1771±6 and 1771±15 Ma, respectively. 
Many granite suites analysed in this study and as well as previous ones contain inherited zircons 
which yield ages in the range of 1830-1890 Ma, similar to the age of the Barramundi Association. This, 
combined with the age of the Atnarpa Igneous Complex (Zhao & Cooper, 1992), which is coeval with 
but geochemically distinct from the Barramundi Association, suggests that the 1850-1880 Ma orogenic 
event has affected the Arunta Inlier, but has been obscured by the younger tectonic events. The youth of 
tectonic events in the Arunta Inlier as compared with other Proterozoic terrains of central Australia may 
have resulted from the Arunta Inlier being located on the southern margin of the Northern Australian 
Orogenic Province during the Early Proterozoic with the granites of the Arunta Inlier probably being 
subduction related. 
By combining the ages determined in this study with previously reported data, major granitic 
activities can be grouped into at least 6 episodes: 1850-1880 Ma, 1820 Ma, 1750-1770 Ma, 1710-1730 
Ma, 1650-1660 Ma, and 1590-1615 Ma. This result is broadly consistent with that summarised in Page 
(1988) for the other Proterozoic terrains in northern Australia, although the intensity of each episode 
varies in different regions. 
IN1RODUCTION 
The Arunta Inlier (Fig. 1), the largest of the extensive Proterozoic terrains in central Australia, is 
located on the southern margin of the early Proterozoic Northern Australian Orogenic Province (Plumb, 
1979; Shaw and Black, 1991). Because of its considerable area (200,000 km2) and geological 
complexity, it is poorly understood in terms of geochemistry and geochronology. Although numerous 
Rb-Sr and K-Ar isotopic studies have been carried out (e.g. Black et al., 1983; Allen and Stubbs, 1982), 
these isotopic systems are generally vulnerable to isotopic resetting and thus often yield ages younger 
than the crystallization ages (Page, 1978; Van Schmus, 1987). In recent years, U-Pb zircon dating has 
begun to be utilized in localized regions (Mortimer et al., 1987; Cooper et al., 1988; Clarke et al., 1990; 
Zhao & Cooper, 1992; Black and Shaw, 1992). However, far more U-Pb zircon ages are required before a 
comprehensive understanding of lithostratigraphic relationships, regional correlation of tectonic events, 
and geochemical and geochronological evolution of granites in the Arunta Inlier can be achieved. This 
report and a companion paper by Zhao et al. (in prep.) present the results of systematic geochemical and 
U-Pb and Sm-Nd isotopic studies of granites from the eastern Arunta Inlier. 
Models of Proterozoic crust evolution in central Australia have been proposed by Etheridge et al. 
(1987) and Wyborn (1988), which involve ensialic rifting, mafic underplating and volcanism, followed by 
a synchronous compressive orogeny termed the Barramundi Orogeny. This later event resulted in 
widespread emplacement of the Barramundi Igneous Association throughout the Northern Australian 
Orogenic Province. The geochemically uniform Barramundi Association (Wybom, 1988) was intruded 
during a relatively short time span (Page, 1988) of about 30 Ma (1850-1880 Ma), and is attributed to 
partial melting of a mantle-derived mafic underplate. Several suites of granites in the Arunta Inlier have 
2 
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been proposed to be members of the Barramundi Association based on geochemical criteria. However, 
since no suites of the Barramundi Association have been identified in the Arunta Inlier 
geochronologically, this study is intended to assess its existence in the Arunta Inlier in order to test 
models previously proposed for the origin of the granites in the region. Additionally, the dating of these 
granites will test the reliability of geochemical criteria for identification of the association. 
GEOLOGICAL AND GEOCHRONOLOGICAL OVERVIEW OF THE ARUNTA INLIER 
The tectono-stratigraphic history of the Arunta Inlier was established by Stewart et al. (1984) and 
Shaw et al. (1984) on the basis of the geochronological framework of Black et al. (1983). In this 
scheme, the Arunta Inlier is considered to be part of a major ensialic Proterozoic mobile zone in 
central Australia, which comprises three tectonic provinces (Northern, Central and Southern). Each 
province has contrasting lithological, stratigraphic, metamorphic and deformational histories, which are in 
part separated by major deformed zones (Fig. 1). On the basis of lithologic, deformational, metamorphic 
and magmatic correlations, the supracrustal sequence of the Arunta Inlier was divided into three broad 
stratigraphic groups, Division 1, 2 and 3, with Division 1 being the oldest and Division 3 the youngest 
(Stewart et al., 1984). Division 1 consists of mafic and felsic metavolcanics and minor immature 
metapelites metamorphosed to granulite facies. Division 2 is dominated by immature metasediments of 
turbiditic origin which are extensively intruded by deformed granites. Division 3 comprises platformal 
metasediments such as shale, carbonate and quartzite that overlie the other Divisions unconformably. 
The tectonic evolution of the Arunta Inlier was considered in this ensialic model as resulting from six 
cycles of crustal extension and compression spanning about 1500 Ma (Shaw et al., 1984). 
The Northern Arunta Province consists of aluminous and siliceous sediments and minor 
volcanics. These rocks underwent regional metamorphism to relatively low grade at least twice and, 
locally in the Reynolds Range area, were metamorphosed to higher grades. Metamorphic and structural 
data, combined with preliminary geochronological results, suggest that very low P - high T 
metamorphism in the Reynolds Range area took place at ;:::1820 Ma and was followed by continuing 
metamorphism under low P-high T conditions until 1760-1730 Ma (Clarke et al., 1990; Dirks and 
Wilson, 1990). A later metamorphic event producing a sillimanite-biotite assemblage occurred possibly 
as late as 1650-1600 Ma (Clarke et al., 1990) corresponding to widespread disturbance of the Rb-Sr 
isotopic system (Black et al., 1983). The Northern Arunta Province was intruded extensively by 
voluminous granites. Rb-Sr isotopic studies by Black (1980) produced whole-rock isochron ages of 
1775±27 Ma for the Jervois Granite and -1650 Ma for pegmatites from the Jervois Range region. 
Recent preliminary U-Pb zircon dating of granito'ids in the Reynolds Range by Collins, Williams and 
Compston (in Clarke et al., 1990) suggests that main granite suites were emplaced over a wide time 
interval between ca. 1820 Ma and 1650 Ma. 
The Central Arunta Province comprises multiply folded mafic and felsic orthogneisses 
intercalated with and locally overlain by subordinate aluminous, siliceous and calcareous metasediments. 
Field relationships and geochemistry of the granulites suggest that their protoliths comprised an 
assemblage of bimodal (tholeiitic basalt-dacite/rhyolite) volcanics and minor immature sediments, which 
were intruded by gabbros, and mafic and felsic sills and dykes contemporaneous with volcanic activity 
(Windrim, 1983). This Province exposes a deeper segment of the crust than the northern counterpart, the 
most widespread metamorphism having reached conditions as high as 8 kbars pressure and 900°C 
temperature (Windrim, 1983; Warren, 1983) during the 1750-1800 Ma Strangways Event (Black et al., 
1983). Evolution of this event is characterised by an anti-clockwise P-T-t path and long-term (-1500 Ma) 
isobaric cooling (Warren, 1983). Recent U-Pb zircon dating of granitic rocks (including a tonalitic 
granulite) brackets the age of D2 deformation associated with the peak granulite metamorphism to 1760-
1750 Ma (Black and Shaw, 1992). However, there is evidence in the Strangways Range region for a more 
3 
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locally developed metamorphism and D2 deformation reaching conditions of 5 kbars pressure and> 750°C 
temperature, which was followed by a younger metamorphism and D3 deformation reaching conditions of 
7.5 kbars pressure and 800 °C temperature (Norman and Clarke, 1990). 
To the east, the Harts Range area was also assigned to the Central Arunta Province (Shaw et al., 
1984), although the metamorphic grade is lower than in the Strangways Range. Here a repeated, 
extensive extensional-compressional tectonic regime along a shallow-dipping detachment zone, termed the 
Harts Range Detachment Zone, has been envisaged to have been in operation between 1767±2 Ma, when 
the protolith of the "pre-tectonic" Entia orthogneiss was intruded, and 1732±6 Ma when a "post-tectonic" 
(?) muscovite leucogranite was formed (Ding and James, 1985; James and Ding, 1988; Cooper et al., 
1988). This tectonic process produced a multi-stage deformation, arc-type mafic and calcalkaline 
magmatism similar to those in modern active plate margin (Sivell, 1988; Foden et al., 1988) in the 
eastern end of the "Strangways Orogenic Belt", and MORB-type tholeiitic magmatism (Sivell, 1988; 
Sivell and McCulloch, 1991) in the "Harts Range Mobile Belt". The two belts are separated by the Harts 
Range Detachment Zone, within which the Bruna granitic gneiss, dated at 1747:; Ma (Cooper et al., 
1988), was intruded. 
To the southeast of the Strangways Range, the Arltunga-Atnarpa area was also assigned to the 
Central Province, which was thought to represent the core of the Arltunga Nappe Complex overthrust 
onto the Southern Province and the northern margin of the Amadeus Basin. The Atnarpa Igneous 
Complex, which was thought to intrude Division 2, consists of two older suites dated at 1860-1880 Ma, 
and one younger suite dated at 1750 Ma (Zhao and Cooper, 1992). The 1860-1880 Ma older suites, the 
oldest so far identified in the Arunta Inlier, are coeval with the continental scale Barramundi Igneous 
Association recognised in other northern Australian terrains (Page, 1988; Wyborn, 1988). However, in 
contrast with the typical Barramundi Association, the Atnarpa complex are high-Na calcalkaline suites 
typical of modern active continental margin (Zhao and Cooper, 1992). Based on the geochemical 
characteristics of both granitoids and amphibolites occurring in the Atnarpa and Harts Range regions, 
Zhao and Cooper (1992) argued that the southeastern margin of the Arunta Inlier is analogous to a modern 
convergent plate margin, and is characterised by subduction-related magmatism. 
After the main orogenic events, the Central Province was affected by the 1700-1600 Ma Aileron 
Event (retrogressive amphibolite metamorphism) and the 1500-1400 Ma Anmatjira Event (high-grade 
mylonitization) (Black et al., 1983). Numerous retrograde schist zones, initiated in the mid-Proterozoic, 
possibly underwent renewed movement during the 1500-1400 Ma Anmatjira Event and were substantially 
reactivated during the Devonian-Carboniferous Alice springs Orogeny (Shaw and Black, 1991). Another 
two demonstrable thermal pulses include the intrusion of 1137:~ Ma pegmatites in the Redbank Hill 
(Black and Shaw, 1992) and Strangways Range (Windrim, 1983), and the 520:~ Ma pegmatites in the 
Harts Range (Mortimer et al., 1987). 
The Southern Arunta Province is composed of banded quartzofeldspathic and granitic gneisses 
unconformably overlain by silicic and aluminous metasediments. Abundant granitic magmatism both 
preceded and accompanied regional deformation and amphibolite-facies metamorphism. Black and Shaw 
(1992) inferred that most of the granites originally crystallized at 1660±4 Ma, which immediately 
proceeded the deposition of the Chewings Range metasediments and the Chewings phase deformation (part 
of the Aileron Event) dated by Rb-Sr at 1590±70 Ma. Another phase of thermal event, the Omiston 
Event, was dated at 1137:~ Ma (by the above Redbank Hill pegmatite), which caused extensive 
migmatization and open folding. This event was immediately followed by the intrusion of widespread 
dolerite dykes, being diagnostic of the province, which was dated at 897±9 Ma using Rb-Sr mineral 
isotopic systematics (Black et al., 1980) and further updated at 1061±36 Ma by Sm-Nd mineral isochron 
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(Zhao et al., 1992). Extensive thrust faulting and greenschist-facies metamorphism occurred along the 
southern margin of the Arunta Inlier during the 300-400 Ma Alice springs Event. 
Recent studies have emphasized that the boundary between the Central and Southern Arunta 
Provinces was a terrane boundary prior to crustal-scale thrusting as early as 1500-1400 Ma (Shaw, 1987; 
Shaw and Black, 1991). This boundary, represented by the Redbank Deformed Zone (RDZ), is a "thick-
skinned" thrust zone cutting through the crust into the subcontinental lithosphere at an angle of about 
45°. This results in Moho under the Southern Province being -20 km deeper than that under the Central 
Province (Goleby et al., 1989). Such a discontinuity in the Moho implies concomitant crustal 
shortening of the order of 40-60 km (Shaw, 1987). Significantly different lithological, deformational, 
magmatic and metamorphic histories are observed between the northern and southern sides of the RDZ 
(Shaw and Black, 1991). Black and Shaw (1992) argue that the main phase of magmatism occurred at 
-17 50-1760 Ma in the Central Province, whilst it occurred at -1660 Ma in the Southern Province. 
SHRIMP U-Pb ZIRCON ANALYTICAL METHOD 
Fresh, interior samples of 1-3 kg were crushed using a jaw crusher, washed fragments of> 1 cm 
in size were pulverised to <250 µm in a tungsten carbide swing mill. The carefully washed sands were 
separated using standard mineral separation procedures including heave liquid and magnetic techniques. 
Finally, about 100-300 zircon grains for each sample were handpicked from the final zircon concentrate, 
mounted in expoxy and polished in preparation for the ion probe. 
The procedures of SHRIMP ion probe analysis are given in Compston et al. (1984, 1986) and 
Williams and Claesson (1987). A -30 µm diameter, -3 nA primary beam was used for ion production, 
and positive secondary ions were extracted at 9.5 kV and and mass analysed at a mass resolution of 6500 
and counted on a single multiplier by cyclic peak jumping. Pb/U and Pb{fh ratios and absolute Pb, Th 
and U abundances in zircons are referenced to the standard Sri Lanka zircon SL13 (206pbf238u = 0.0928; 
572 Ma). Corrections for initial Pb were made using either the observed 204pb peak or 208pbf206pb 
and Th/U ratios. The "unknowns" have been corrected, based on the standard analyses, for isobaric 
interferences at mass 204 and 207, the latter for 206 PbH+. 
Our primary aim of this study is to obtain magmatic crystallization ages of major granite suites 
intruding the Southern and Northern Arunta Provinces to establish a geochronological framework for this 
region. Samples were selected from areas where metamorphic grade is relatively low, ensuring the 
preservation of magmatic zircon isotopic system. 
ZIRCON GEOCHRONOLCXJY 
The geological context of the major granite suites sampled for this study are listed in Table 1 and 
sample localities shown in Fig. 1. The analytical results are presented in Table 2 and Figs. 3-12. 
Analytical uncertainties listed in Table 2 and presented as error boxes in Figs. 3-12 are at lcr 
uncertainties. The ages calculated for each granite are weighted means quoted at 95% confidence level, 
unless otherwise indicated, and are listed in Table 3. 
The Alice Springs Granite (89-525, Locality 1 in Fig. 1) 
Fresh material of the Alice Springs Granite was collected from road cuttings along the Stuart 
Highway. The sample is slightly deformed and foliated and consists dominantly of plagioclase, quartz and 
minor secondary muscovite and has Si02 as high as 72%. Only a small amount of zircon was obtained 
from -1.5 kg of rock material. A number of morphological groups can be identified. Most are short, 
prismatic and euhedral, a few of which are euhedrally zoned. Some grains are rounded due to secondary 
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modification. The zircon grains range in colour from light brown to dark purple. Many are dirty and 
milky consisting of cracks and inclusions and a few are clean and transparent. The majority of the grains 
display thin layers of euhedrally zoned rims. Most of the zircons probed have U abundances of 170-500 
ppm and Th/U ratios of 0.3-1.0 (Fig. 2). 
Overall four groups of zircons are identified isotopically (Fig. 3). The dominant group is defined 
by 15 concordant data. Most of these grains are prismatic with no internal structure and a few are weakly 
zoned. This group has within error indistinguishable 206pbf238u, 207pbf235u and 207pbf206pb ages, 
which, when pooling together, yield means of 1745±30, 1746±18 and 1752±11 Ma, respectively. 
Because of larger errors in the 206pbf238u and 207pb;235u data, the weighted mean 207pbf206pb age is 
considered as the best estimate of the crystallization age of the zircons and of the granite body as well. 
The second group consists of 7 inherited zircons, with 207pbf206Pb ages ranging from Late 
Archean to Early Proterozoic, and all being over 100 Ma older the 1752±11 Ma crystallization age of the 
granite. The oldest with a 207pbf206pb age of 2608±9 Ma (lo") is yielded by grain 3.1, which is well 
rounded. Grains 17 and 19 consist of purple, rounded cores with euhedral overgrowths. They yield 
207pbf206pb ages of 2485±9 and 2252±10 Ma (lcr), respectively. Analysis 10.1 is from a rounded core, 
which yield a concordant analysis with a 207pbf206pb age of 2038±11 Ma (lcr). This spot has the 
lowest Th/U ratio of 0.077, and is distinct from all the other data. The remaining three analyses (1.1, 4.1 
and 8.1) are all from rounded as well, with spot 4.1 being from a rounded core with a euhedrally zoned 
rim. These grains are all slightly to strongly discordant . Regardless of large variation in Pb/U ratios, 
they yield within error indistinguishable 207pbf206pb ages with a weighted mean of 1860±20 Ma (2cr). 
Although it may not warranted to include discordant data due to bias caused by potentially non-zero lower 
intercepts, the 1860±20 Ma age is nevertheless similar to the ages of the geochemically analogous 
Atnarpa Igneous Complex (Zhao and Cooper, 1992), and perhaps reflecting a genetic link. Overall, the 
complex inherited zircon populations of the rock suggests a heterogeneous source region. 
The third group consists of two very clean, clear, short prismatic,euhedral grains (5.1 and 22.1) 
with no internal structure. Their U abundances are among the lowest observed (80 and 185 ppm 
respectively). They yield concordant U-Pb data with a weighted mean 207pbf206pb age of 1620±21 Ma 
(lcr). 
The fourth group comprises three data from two euhedrally zoned rims (spots 4.2, 20.2 and 
20.3). The data are distinctive, and are characterised by very high Th (528-2291 ppm) and U (974-2403 
ppm) abundances and enormous amounts of common Pb (with 204pb up to 1.0-2.1 ppm). 
The Jessie Gap Gneiss (89-510, Locality 2 in Fig. 1) 
The sample was collected from the pavement of the Jessie Creek behind the Undoolya 
Homestead. It is strongly foliated and interlayered with a boudinaged finer-grained minor phase. The 
granite is associated with pods and discrete layers of concordantly foliated amphibolite. The sample 
consists dominantly of plagioclase, quartz, and biotite with only minor K-feldspar. 
Abundant clear, transparent, purple-coloured, stubby zircons were obtained from -1.5 kg 
material. The grains are morphologically very simple. Most are prismatic, slightly rounded due to 
secondary modification, and display no internal structure, although faint magmatic zonation is still 
discernible in some grains. 
Overall, 20 spots of 19 grains were were analysed from this sample. U abundances are from 179 
to 972 ppm with an average of 348 ppm and Th/U ratios range from 0.09 to 0.65, with an average of 
0.39 (Fig. 2, Table 2). The Th/U ratios are relatively low compared with the other samples. Among the 
20 analyses, 2 (grains 3.1 and 18.1) are significantly younger with large amounts of common Pb. One 
grain (14.1) is significantly older, although morphologically and geochemically indistinguishable from 
the others. By rejecting these 3 data, the remaining 17 analyses have within error indistinguishable 
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207pbf206pb ratios with an weighted mean of 0.1069±5, corresponding to an age of 1747±9 Ma (Fig. 
4). This age is interpreted as the time of magmatic crystallization of the Jessie Gap Gneiss. 
Grain 14.1 is a purple-coloured, clean, long prismatic crystal and yields a 207pbf206pb age of 
1839± 11 Ma (lcr). This age is similar to the age of the three inherited zircons in the adjacent Alice 
Springs Granite. 
Tonalitic gneiss, Randall Peak Metamorphics (89-492, Locality 3 in Fig. 1) 
The Randall Peak Metamorphics consists dominantly of quartzofeldspathic orthogneiss and 
amphibolite. In most paces, it is concordant with the more uniform Jennings Granitic Gneiss but in 
some places it is intruded by the latter. In this case, the Jennings Granitic Gneiss should be coeval or 
younger than the Metamorphics. The sample was collected from a creek pavement near the Georgina 
Gap. It is a tonalitic orthogneiss, strongly foliated, and interlayered with minor finer-grained phase and 
crosscut by an undeformed leucogranite dyke. It could still be the western extension of the Jennings 
Granitic Gneiss. This is because the sample comprises green hornblende, biotite, plagioclase and quartz, 
sphene and has been probably metamorphosed to amphibolite grade, which closely resembles the tonalitic 
component of the syntectonic Jennings Granitic Gneiss to the east. Abundant zircons were separated from 
-2 kg material. Although they are relatively smaller and lighter in colour than those from the Jessie Gap 
Gneiss, they are morphologically very uniform, being clear, transparent, purple-coloured, and stubby, 
similar to those from the Jessie Gap Gneiss. 
22 analyses were obtained for this sample (Table 2). Overall, they have quite uniform Th (69-
244 ppm, average 123 ppm), U (121-324 ppm, average 202 ppm) abundances and Th/U ratios (0.44-0.81, 
average 0.61) (Fig. 2). Among them, 20 have indistinguishable 206pbf238u, 207pbf235u and 
207pbf206pb ratios with weighted means of 0.3133±63, 4.676±95 and 0.1083±5, which correspond to 
ages of 1757±28 Ma, 1763±16 Ma and 1771±9 Ma, respectively. The 1771±9 Ma 207pb;206Pb age is 
here considered as the best estimate of the magmatic crystallization age of the tonalitic gneiss (Fig. 5). 
One geochemically indistinguishable, but morphologically more rounded grain 22.1 yields a 
207pbf206pb age of 1866±18 Ma, probably similar to the situation in the Jessie Gap Gneiss. Another 
large, stubby, prismatic, uniform grain (8.1) yield a concordant age of 1684±18 Ma, which is 
significantly younger than the bulk of the grains. 
The Atneequa Granitic Complex (89-543, Locality 4 in Fig. 1) 
The sample was collected from a fresh, relatively undeformed, massive porphyritic granite 
outcrop. The granite contains numerous xenoliths and rafts of the metamorphic country rocks. 
Abundant zircons were obtained from 2 kg of material. Most of the grains are transparent, 
brown, straw or purple-coloured, long prismatic, euhedral, suggesting a magmatic origin. A few grains 
are translucent to metamict. Some grains are euhedrally zoned, whilst most have no internal structure. 
12 grains were analysed from this sample (Table 2). U abundances of these analyses range from 
90 to 422 ppm with an average of 232 ppm, and Th/U ratios from 0.21 to 0.75, with an average of 0.39 
(Fig. 2). The Th/U ratios are among the lowest compared with the other samples. Nine grains have 
indistinguishable 20 6Pb;238u, 207Pb/235u and 207Pb/206Pb ratios, with a weighted mean 
207pb;206pb age of 1762±9 Ma. The remaining three, yielded by the relatively more rounded grains, 
also have indistinguishable 206pb;238u, 207pbf235u and 207pbf206pb ratios, with a weighted mean 
207pb/206pb age being 1715±19 Ma (2cr). The 1762±9 Ma is interpreted as the magmatic 
crystallization age of the granite. The younger age may correspond to a regional metamorphic event. 
Boggy Hole Gneiss (89-515, Locality 5 in Fig. 1) 
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The sample was collected from a creek pavement near the Stuart Pass. It is slightly porphyritic, 
strongly foliated, and consists of plagioclase, K-feldspar, quartz and garnet. The garnet may be of 
metamorphic origin. The Boggy Hole Gneiss was assigned to the youngest Division Three and was 
affected by the Chewings phase deformation which was considered to have occurred at 1590±70 Ma 
(Majoribanks and Black, 1974). However, it was considered by Teyssier et al. (1988) to be the granitic 
basement to the Chewings Range metasediments. 
About 500 zircon grains were obtained from -1 kg material. Most of the grains are straw to 
purple-coloured, small, prismatic, and euhedral , reflecting a magmatic origin. Many are uniform with 
no internal structure, some are weakly zoned. Many are overgrown with thin layers of euhedrally zoned 
rims, similar to those from the Alice Springs Granite. A few grains contain rounded cores. 
15 grains were analysed from this sample, and have relatively low Th (34 to 292 ppm, average 
132 ppm) and U (63 to 307 ppm, average 188 ppm) concentrations and intermediate Th/U ratios (0.26 to 
1.08, average 0.71) (Table 2, Fig. 2). Two inherited cores (1.1 and 6.1) yield a weighed mean 
207pbf206pb age of 1724±12 Ma (lcr). This age probably corresponds to the age of the source (Fig. 7). 
The remaining 13 data have indistinguishable 207pbf206pb ages within error with a weighted mean age 
of 1648±10 Ma. This age is interpreted as the age of magmatic crystallization of the Boggy Hole Gneiss. 
The Burt Bluff Gneiss (89-512, Locality 6 in Fig. 1) 
A fresh, foliated, pink, slightly porphyroblastic granite sample was collected from a road cutting 
on the Larapinta Drive. Abundant zircon grains were obtained from -2 kg material. Overall, the zircons 
are quite small if compared with other samples. Most grains are transparent, stubby, prismatic and 
euhedral. About 20% are weakly and euhedrally zoned. The rest have no internal structure. Some have 
thin rims, similar to the zircons in the Alice Springs Granite. All the above features imply a simple 
magmatic origin. 
Overall 18 spots were probed and the zircons have U abundances of 200 to 811 ppm with an 
average of 417 ppm and Th/U ratios of 0.70 to 1.47 with an average of 1.07 (Fig. 2). The Th/U ratios 
are among the highest compared with other samples. Among the 18 analyses, one analysis is obviously 
reversely discordant (grain 9.1) and one has a much higher 207pbf206pb age (1667±18 Ma) than the rest 
By rejecting the two outliers, the remaining 16 analyses are concordant within errors (Fig. 8). The mean 
207pb;206pb age of 1603±7 Ma is the best estimate of the crystallization age of the rock. 
Grain 1.1 is morphologically indistinguishable from the other grains. It is dangerous to place 
too much emphasis on a single analysis. However, the older 207Pb!2°6Pb age of 1667±18 Ma is 
coincident with the age of the Boggy Hole Suite described above and the 1663±13 Ma ion probe zircon 
age reported for a migmatite by Black and Shaw (1992); both are from the Division 3 of the Chewings 
Range area. Therefore, the zircon could represent either a 1660 Ma source component, or be from 
xenoliths of 1660 Ma rocks. 
Rungutjirba Gneiss (91-554, Locality 7 in Fig. 1) 
The sample was collected from near the Simpson Gap, 15 km west of Alice Springs. It is 
strongly foliated and granulated and consists of plagioclase, microcline, biotite, hornblende, quartz and 
accessory sphene and zircon. Zircons separated from this sample define a single, structurally simple, 
population. The majority of the grains are stubby, prismatic with pyramidal terminations and sharp 
crystal faces. Some grains are euhedrally zoned. Most of the grains are clear, transparent, and dominantly 
straw to purple -coloured. All these features are representative of a magmatic origin. 
8 
239 
Seven grains were analysed from this sample (Table 2). They have quite uniform Th (189 to 
413 ppm, average 278 ppm), U (203 to 381 ppm, average 272 ppm) abundances and Th/U ratios (0.8-1.3, 
average 1.0) (Fig. 2). The Th/U ratios resemble those of the Burt Bluff Gneiss. The grains are all 
concordant with 206pb/238u, 207pbf235u and 207pb/206pb ratios indistinguishable within error. The 
weighed mean of the 207pbf206pb ages is 1615±11 Ma (Fig. 9), which is unequivocally the magmatic 
crystallization age of the gneiss. This age is indistinguishable from the age of the Burt Bluff Gneiss, 
supporting the suggestion that the Rungutjirba Gneiss is the volcanic equivalent of the Burt Bluff Gneiss 
(Shaw, pers. Comm.). 
The Jervois Granite (89-567, Locality 8 in Fig. 1) 
The sample was obtained from the blast site where Black (1980) collected his samples. It is a 
fresh, relatively undeformed biotite granodiorite consisting of plagioclase, microcline, quartz, biotite and 
accessory minerals. 
Abundant brown to purple, clear, prismatic and euhedral zircons were separated from -2 kg 
material. Most of the grains are homogeneous, some being euhedrally zoned. A small proportion of 
grains are purple, droplet-shaped. A few others display apparent "cores". 
26 spots of 24 grains were analysed from this sample (Table 2). These include prismatic grains 
with no internal structure, euhedrally zoned grains, purple, droplet-shaped grains and those with apparent 
cores. The results show that these four types of zircons yield similar narrow ranges of 207pbf206pb ages 
and were therefore crystallized during the same magmatic event. By rejecting the three most discordant 
data, the 207Pb;2°6Pb ages of the remaining 23 analyses define a weighted mean of 1771±6 Ma (Fig. 
10), which is interpreted as the magmatic crystallization of the granite. This age is identical to the Rb-Sr 
whole rock isochron age of 1775±27 Ma obtained by Black (1980), indicating that Rb-Sr isotopic 
systematics in this granite has not been disturbed by later thermal and deformational events. 
It is interesting to note that by drawing a discordia through the entire data set, a lower intercept 
age of -300 Ma can be obtained (see Fig. 10). This age is coincident with the age of the Alice Springs 
Orogeny, which has affected the whole Arunta Inlier. 
The Dneiper Granite (89-554, Locality 9 in Fig. 1) 
The sample was taken from a fresh, strongly foliated, biotite rich tonalitic gneiss outcrop, 
comprising numerous small biotite-rich inclusions. 
Only a small amount of zircon was obtained from -1.5 kg rock material. Most of the grains are 
euhedral, and concentrically zoned, some having core-rim structure. However, most of the grains are dirty 
and full of inclusions and cracks. 
30 analyses were obtained from this sample (Table 2). They have intermediate Th contents (41 
to 358 ppm, average 146 ppm), U (92 to 595 ppm, average 288 ppm) and Th/U ratios (0.14 to 0.82, 
average 0.53) (Fig. 2). They are also characterised by high common Pb, with 204pb ranging from 1 to 
1793 ppb, with an average of 117 ppb. The high initial 204Pb combined with unusually high 206PbH+ 
hydride interference contributes to large corrections on 207pbf206pb ratios and therefore reduced the 
precision of the data. 
In order to better evaluate the data, those which are highly discordant or required significant 
common Pb corrections were rejected, the remaining 19 analyses are shown in the inset plot (Fig. 11). 
Three geochronological groups are clearly seen in this plot. The first group of data are from four inherited 
cores. Spot 26.1, a euhedrally zoned core, yields a 207Pb/206pb age of 1939±17 Ma (lcr). The other 3 
analyses (2.1, 5.1 and 27.1) are on rounded structureless cores with thin overgrowths. Their 
207Pb;206pb ages are indistinguishable and with a weighted mean age of 1861±19 Ma (2cr). The second 
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group consists of data from seven prismatic and zoned grains and five structureless grains. Of these 12 
analyses, 9 are >95% concordant and define a weighted mean 207pbf206pb age of 1784±15 Ma and an 
unweighted mean of 1771±15 Ma. In consideration of the relatively small population involved in the 
statistics, the weighted mean may be overly biassed by the data with smaller uncertainties. For this 
reason, the unweighted mean of the 207pb;206pb ages, 1771±15 Ma, in which the 9 data are weighted 
equally, is here considered as a more appropriate estimate of the crystallization age of the Dneiper 
Granite. The third group includes a concordant analysis (cone%= 102) on grain 12.1 (prismatic with no 
internal structure) and a slightly discordant analysis (cone%= 94) from grain 16.l (prismatic, euhedrally 
zoned). Their 207pb;206pb ages are 1665±25 Ma (la') and 1680±41 (lcr), respectively, which are within 
error indistinguishable and define a weighted mean of 1670±21 Ma (lcr). However, caution should be 
taken in relating this age to any geological event since both contain high concentrations of common Pb 
correction (58 and 157 ppb 204Pb). Nevertheless, this age is roughly coincident with the age of the 
Aileron Event recognised in the Jervois Range area, in the eastern part of the Huckitta Sheet (Black, 
1980). 
The Mount Swan Granite (89-551, Locality 10 in Fig. 1) 
Sample 89-551 was collected from a blast site near the road to MacDonald Downs. The rock is 
a spectacular porphyroblastic granite, with up to 50% feldspar porphyroblasts. The groundmass consists 
of orthoclase, plagioclase, quartz, hornblende and biotite. 
A large number of zircons were separated from -3 kg material. The zircons are distinctive from 
the other samples in being light-brown in colour and with numerous fractures. Most of the grains are 
elongate and prismatic with aspect ratios of 2: 1 to 7: 1, and with regular zonation. Three groups of 
zircons can be distinguished morphologically: euhedrally zoned prismatic grains, smaller and lighter-
coloured prismatic grains with no internal structure and those with apparent "cores" and euhedrally zoned 
rims. 
16 analyses were measured for this sample (Table 2). Among them, six grains are well zoned, 6 
having no internal structure, and four with massive apparent "cores" with euhedrally zoned overgrowths or 
rims. Grain 11.1, which has an apparent uniform "core" with a zoned rim, yields a concordant age of 
1632±11 Ma (lcr). This grain also has a much higher Th/U ratio of 1.33, dissimilar to the rest of the 
data. By rejecting this analysis, and two other analyses more than 5% discordant (10.1 and 13.1), the 
remaining data, regardless of morphological types define a weighted mean 207pb;2°6Pb age of 1713±7 
Ma, with an observed error in 207pbf206pb ratio (±0.0006) being slightly higher than the expected value 
(±0.0004). However, since all the three morphological groups (except for grain 11.1) yield similar ranges 
of 207pbf206pb ages, the slightly larger scatter in 207pb/206pb ratios cannot be considered to represent 
more than one group. Note that if 2cr errors are quoted for individual data, the 207pb;206pb ratios will 
be indistinguishable within error. Considering the clear magmatic features of the zircons, the 1713±7 Ma 
age is interpreted as the magmatic crystallization of the Mount Swan Granite. 
DISCUSSION 
The new U-Pb zircon isotopic data, combined with existing U-Pb isotopic studies, provide 
constraints on the magmatic, metamorphic and deformational evolution of the Arunta Inlier. One of the 
most important findings of these studies is that major deformational, magmatic and metamorphic events 
in the Arunta Inlier occurred during the period of 1710-1770 Ma. This is in contrast with other northern 
Australian Proterozoic terrains such as the Mount Isa, Tennant Creek, Pine Creek and Halls Creek Inliers, 
where the 1850-1880 Ma Barramundi Orogeny is the dominant magmatic, metamorphic and deformational 
event (e.g. Wyborn, 1988; Page, 1988). The prevalence of 1750-1770 Ma zircon ages is also 
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demonstrated by the ages of detrital zircons from the Heavitree Quartzite, the basal unit of the Amadeus 
Basin, which is considered to be derived from the local Arunta Inlier (Zhao et al., 1992). 
It has been strongly proposed (e.g. Etheridge et al., 1987; Wyborn, 1988) that the Proterozoic 
crustal evolution of central Australia is characterised by ensialic tectonics. In this model, ensialic rifting 
started at around 2.2-2.0 Ga, followed rapidly by mafic volcanism and underplating within preexisting, 
probably Archean crust as a result of small scale mantle convection. Subsequent heat loss after the 
output of the mafic magmas caused termination of convection, thermal subsidence of the stretched regions 
and gravitational instability-driven crust-mantle delamination and A-subduction. Delamination provided 
the driving force for compressive orogeny, partial melting of the underplated mafic layer and emplacement 
of widespread, geochemically uniform I-type granitoids termed the Barramundi Igneous Association. The 
metamorphic evolution associated with this orogenic cycle is characterised by high-T, low-P 
metamorphism with an anti-clockwise P-T-t path. Key evidence in support of this model is the 
widespread occurrence of the 1850-1880 Ma I-type Barramundi Igneous Association. This association has 
distinctive and uniform geochemical and isotopic signatures and is characterised by enriched K10, Rb, 
REE, Th, and U and depleted MgO, CaO, Ni and Cr contents and low 87sr/86sr initial ratios compared 
with Phanerozoic analogues. Wyborn (1988) considered the Barramundi igneous activity as "orogenic" 
and all the other igneous events in the region, regardless of variation in composition and age, as 
"anorogenic". 
Based primarily on geochemical criteria, a number of granite suites throughout the Northern 
Australian Orogenic Province, including the Jervois Granite in the Arunta Inlier, have been assigned to 
the Barramundi Association (Wyborn, 1988). Warren (1989) also suggested, on the basis of geochemical 
correlation, that the Dneiper and Copia Granites in the Huckitta-Alcoota area, the Napperby orthogneiss 
and its correlatives in the Reynolds Range area, as well as the Ali Curung Complex in the Crawford 
Range area, are also probably typical Barramundi-type granite suites. However, this study and the 
geochronological study conducted by Collins, Williams and Compston (in Clarke et al., 1990) 
unequivocally reveal that the proposed Barramundi correlatives were actually intruded between 1760 and 
1770 Ma. With the exception of the Atnarpa Igneous Complex which is geochemically unrelated to the 
Barramundi Association (Zhao and Cooper, 1992), no other granite suites with Barramundi ages have been 
identified in the Arunta Inlier. The lack of Barramundi ages in the Arunta Inlier probably indicates that 
the Etheridge-Wyborn models of ensialic tectonics as well as the Wyborn-type "orogenic" and 
"anorogenic" concepts are not applicable to the Arunta Inlier. The younger ages of major deformational, 
magmatic and metamorphic events in the Arunta Inlier could be related to the fact that it is located on the 
southern margin of the Northern Australian Orogenic Province (Plumb, 1979; Shaw and Black, 1991), 
where active continental margin-type tectonics have remained operative and in fact may have intensified 
after the Barramundi Orogeny to the north (Zhao and Cooper, 1992). Moreover, the age of peak granulite 
metamorphism , with an anti-clockwise P-T-t path, in the Central Arunta Province, was delineated within 
1750-1760 Ma (Black and Shaw, 1992), more than 100 Ma younger than the Barramundi Orogeny. 
Therefore, this style of metamorphism, which is considered as key evidence for rift-related ensialic 
tectonics by Etheridge (1987), cannot be exclusively associated with the Barramundi Orogeny. 
Information about the mafic underplate, which was the proposed source material of the 
Barramundi Igneous Association, is provided by inherited zircon cores identified in rocks of the 
Barramundi suites (Page and Williams, 1988). These zircons yielded ages in the range of 2.1-2.2 Ga and 
are considered as recording the underplating event. Inherited zircons with Early Proterozoic to Late 
Archean ages were identified in the Alice springs and Dneiper Granites (Figs. 3 & 11). However, these 
ages scatter over the whole Late Archean-Early Proterozoic period, ranging from 2.6 Ga to 1.9 Ma, rather 
than clustering at 2.1-2.3 Ga. It is unrealistic that a single underplating event, considered by Etheridge et 
al. (1987) as part of a short-lived and aborted Wilson Cycle, could have continued for a period of 700 
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million years. Moreover, geochemical and isotopic features of both the zircons and their host rocks vary 
considerably, in contrast with the uniform nature of the Barramundi Association. 
Although 1710-1770 Ma zircon ages are predominant, 1850-1880 Ma Barramundi-type ages are 
indeed identified in the Arunta Inlier. Apart from the Atnarpa Igneous Complex, which yielded three ages 
ranging from 1860-1880 Ma (Zhao and Cooper, 1992), inherited zircons with Barramundi-type ages were 
also widely recognised in many 1750-1770 Ma granites in the Arunta Inlier, such as the Alice Springs 
Granite (Fig. 3), the Dneiper Granite (Fig. 11), the Jessie Gap Gneiss (Fig. 4), the tonalitic gneiss of the 
Randall Peak Metamorphics (Fig. 5), as well as some granitic rocks reported by Clarke et al. (1990) and 
Black and Shaw (1992). Individual 207Pb/206pb ages of these inherited zircons range from 1830 Ma to 
1890 Ma. The weighted mean of 207pb/206pb ages for such zircons obtained for the four samples in 
this study is 1855±11 Ma (2cr for 9 data), well within the range for the Barramundi Association. This 
suggests the 1850-1880 Ma magmatic event may have expressed in the Arunta Inlier, but has been 
masked by the younger, more prevalent 1710-1770 Ma tectonic events. 
In earlier integrated studies of the Arunta Inlier, Stewart et al. (1984) put forward a simplified 
evolutionary model for the stratigraphy, in which the supracrustal successions of the Arunta Inlier were 
assigned to three sequential divisions separated in part by unconformities. In this model, the evolution of 
the Arunta Inlier was considered to begin with rift-related mafic and felsic bimodal volcanism followed by 
shale and limestone deposition, deformation, metamorphism and emergence (Division 1). Flysch 
sedimentation and volcanism (Division 2) then continued in geosynclinal troughs flanking the uplifted 
Division 1, and were followed by platformal deposition of thin shallow-marine sediments (Division 3), 
further deformation, and episodes of metamorphism and granitic intrusion. This model was considered to 
be a typical ensialic rifting cycle, which is the template for the more generalized ensialic tectonic model 
proposed by Etheridge et al. (1987). However, this geochronological study, as well as that of Black and 
Shaw (1992), suggest that the division definition is not necessarily chronostratigraphic. For example, 
Black and Shaw (1992) noticed that the Division 3 in the Southern Province is younger than 1660 Ma, 
whilst Division 3 in the Reynolds Range area is probably older than 1700 Ma. Our study suggests that 
Division 2 intruded by the Jervois Granite and Dneiper Granite in the Huckitta Sheet region has a 
minim um age of 1770 Ma. Zhao and Cooper (1992) demonstrated that the Division 2 supracrustal 
assemblage intruded by the Atnarpa Igneous Complex must be even older than 1880 Ma. However, Black 
and Shaw (1992) demonstrated that the Utnalanama Granulite, which was considered typical of the 
Division 1, is only 1763~; Ma old. In this case, the "older" Division 1 is more than 100 Ma younger 
than the presumably "younger" Division 2. Furthermore, according to these geochronological studies, 
whilst the Division 2 in the Atnarpa area was older than 1880 Ma, the Division 3 in the Chewings Range 
area was younger than 1660 Ma (Black and Shaw, 1992; this study), and is probably only 1615 Ma old, 
as indicated by the Rungutjirba Gneiss, which is considered to be conformably overlain by the Chewings 
Range Quartzite (Shaw, pers. comm.). This indicates that sedimentation and volcanism in the Arunta 
Inlier may have continued over a period of 270 Ma and therefore cannot be considered as representing a 
single ensialic rifting cycle as envisaged by Stewart et al. (1984). 
Existing U-Pb zircon ages from the Arunta Inlier are summarised in Fig.Ba. They include both 
the ages determined in the study and those reported by Mortimer et al. (1987), Cooper et al. (1988), Zhao 
and Cooper (1992), Black and Shaw (1992) and Clarke et al. (1990). From this figure it is seen that 
major granitic activities in the Arunta Inlier occurred during the following episodes: 1850-1880 Ma, 1820 
Ma, 1750-1770 Ma, 1710-1730 Ma, 1650-1660 Ma, 1600-1615 Ma, 1140 Ma (intrusion of the Redbank 
Hill Pegmatite), and 520 Ma (intrusion of the Harts Range pegmatite). This pattern is essentially similar 
to that reported by Page (1988) for other Proterozoic terrains of northern Australia, although the 
significance of each event varies between the two regions (Fig. 13b). In Page (1988), the 1850-1880 Ma 
Barramundi Igneous Activity is the dominant event, epecially in the Mount Isa, Pine Creek and Hall 
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Creek Inliers, whilst in the Arunta Inlier, the main orogenic event is 1750-1770 Ma. In terms of 
intensity of magmatic events, the situation in the Arunta Inlier is also similar to the Proterozoic belts in 
Colorado, southwestern Unite States (e.g. Bickford et al., 1989; Premo and Van Schmus, 1989), where 
most of the granites forming during 1700-1780 Ma (Fig. 13b). 
As described earlier, the 1860-1880 Ma episode is represented by the intrusion of two older suites 
of the Atnarpa Igneous Complex (Zhao and Cooper, 1992), and expressed by the presence of inherited 
zircons in the 1750-1770 Ma old granites as determined by the SHRIMP, such as the Alice Springs 
Granite, the Dneiper Granite, the Jessie Gap Gneiss, the tonalitic gneiss of the Randall Peak 
Metamorphics as well as some granitoids reported by Clarke et al. (1990). The 1820 Ma episode is 
indicated by intrusion of the Haverson Granite and possibly the Stafford Granite of the Reynolds Range 
area (Clarke et al., 1990). 
However, as discussed above, the majority of U-Pb zircon ages fall into the range of 1750-1770 
Ma period. Zircon ages within this range were obtained from a number of major granitic suites 
throughout the Arunta Inlier (e.g. Table 3; Fig. 13; Clarke et al., 1990; Black and Shaw, 1992; Cooper et 
al., 1988; Zhao and Cooper, 1992), e.g. the Dneiper Granite, the Jervois Granite, the Napperby 
Orthogneiss and the Possum Creek Chamockite in the Northern Arunta Province; the Redbank Hill 
migmatitic gneiss and leucogranite, the tonalitic rock Utnalanama Granulite, the Entia Orthogneiss, the 
Bruna Gneiss, and the younger tonalite of the Atnarpa Igneous Complex in the Central Arunta Province; 
and the Jessie Gap Gneiss, the Alice Springs Granite, the Jennings Granitic Gneiss and the Atneequa 
Granitic Complex in the Southern Arunta Province. The widespread intrusion of these essentially 
syntectonic granite suites throughout the Arunta Inlier is considered to be associated with a major 
orogenic event in the region. 
The 1710-1730 Ma episode is characterised by the intrusion of the post-tectonic Mount Swan 
Granite (1713±8 Ma) in the Huckitta-Alcoota Sheets area. Since it intrudes the deformed Dneiper Granite 
and is not foliated, the above age defines the minimum age of the deformation in the Dneiper Granite. The 
Mount Swan Granite is geochemically correlated with the Mount Ida Granite and some unnamed units in 
the region. They, together with the voluminous Jinka Granite in the central part of the Huckitta Sheet, 
the Barrow Creek Granite in the Barrow Creek Sheet, and the less-deformed microgranite and leucogranite 
phase of the Napperby Orthogneiss, form a distinctive high-heat-production supersuite characterised by 
pronounced enrichment in K, Th and U and other incompatible elements such as Rb, Zr, Nb and Y (Zhao 
et al., in prep). All these suites are undeformed and intrude coexisting, less-enriched and deformed granite 
suites, respectively. Field relationships suggest that they may have been emplaced during a similar 
thermal event. This can be verifie~ as similar post-tectonic high-heat-production granitoids in the high-
grade Central Province yield similar ages (Bill Collins, pers. comm.). In addition, a muscovite 
leucogranite (1732±6 Ma) and a interlayering amphibolite (1730±1 Ma) in the Entia Dome and some 
zircons in the Atneequa Granitic complex (1715±18 Ma, 2cr) also yield zircon ages falling into the 1710-
1730 Ma range. These zircon ages may have recorded a metamorphic event in the eastern Arunta Inlier. 
Furthermore, an inherited zircon age of 1724±24 Ma (2cr) obtained in the Boggy Hole Gneiss suggests 
that 1710-1730 Ma old rocks may be present in its source region. 
A 1650-1660 Ma episode is recorded in the Southern Province by the Boggy Hole Suite and a 
migmatitic gneiss in the Glen Helen area (Black and Shaw, 1992), both of which have been considered by 
Teyssier et al. (1988) as the granitic basement to the Chewings Range metasediments, the type Division 
3 of Stewart et al. (1984). Therefore, the 1650-1660 Ma is the maximum age of the Division 3. In 
addition, zircon components with ages falling into this range were also identified in the Alice Springs 
Granite, the Jennings Granitic Gneiss, the tonalitic gneiss of the Randall Peak Metamorphics and the 
Napperby Orthogneiss. Although interpretation of these age components is yet ambiguous, the areas 
where these granite suites intruded have been affected by the -1650 Ma thermal Aileron Event (e.g. Black, 
1980; Black et al., 1983). 
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The 1600-1615 Ma thermal-magmatic episode was recorded in the Division 3 of the Southern 
Arunta Province. Here the Burt Bluff and Rungutjirba Gneisses were intruded during the period of 
1606±7 Ma to 1615±11 Ma. R.D. Shaw (pers. comm.) suggested that the Rungutjirba Gneiss was 
probably a volcanic equivalent of the Burt Bluff Gneiss and was interlayered with the Simpson Gap 
metasediments. Both the metasediments and the gneisses were then folded and deformed during the 
Chewings phase deformation of the Aileron Event, dated at 1590 ± 70 Ma by Rb-Sr isotopic systematics 
(Majoribanks and Black, 1974). Thus, the ages of the two gneisses define the depositional age of the 
Chewings Range metasediments and constrain the maximum age of the Chewings phase deformation. 
Geological, geophysical and geochronological studies of Shaw (1987), Goleby et al. (1989), 
Shaw and Black (1991) and Black and Shaw (1992) suggest that the Southern Arunta Province is 
distinctive from the rest of the Arunta Inlier, with the boundary being located at the present-day Redbank 
Deformed Zone. Geophysical studies reveal a large, mantle deep, discontinuity resulting in the Moho 
under the Southern Province being 20 km deeper than that under the Central Province. Goleby et al. 
(1989) interpreted this discontinuity to correspond with the Redbank Deformed Zone. Shaw and Black 
(1991) later demonstrated that magmatic, metamorphic and deformational history is remarkably different 
between the regions on both sides of the Redbank Zone. Black and Shaw (1992) argued that magmatic 
activities were much younger in the Southern Province than in the Central Province. They suggested, 
based on limited U-Pb zircon data, that magmatic activities in the Central Province occurred during the 
1750-1760 Ma, whilst in the Southern Province, these occurred at 1660±4 Ma and later. However, this 
study indicates that 1750-1770 Ma magmatic event is also widespread in the Southern Province, in 
addition to the Central and Northern Provinces. The younger magmatic activities, as well as younger Nd 
model ages and typical Division 3 metasediments were restricted only to the Division 3 area of the 
Southern Province. We therefore argue that it is the Division 3 in the Southern Arunta Province, not the 
Southern Arunta Province itself, that is distinctive from the rest of the Arunta Inlier. The mantle-deep 
geophysical discontinuity present in this area may be correlated to the Omiston Nappe Thrust Zone and 
more easterly the Charles River Fault Zone, both being the boundary of the Division 3 in the Southern 
Province, rather than the Redbank Zone. Further investigations are required to clarify this problem. 
CONCLUSIONS 
1. Our U-Pb zircon age data, combined with those of previous studies, indicates that the majority 
of the granite suites in the Arunta Inlier were intruded during 1750-1770 Ma. This is significantly 
younger than the i850-1880 Ma Barramundi Igneous Association, which was previously considered as 
representing the main orogenic event in the region. These ages also demonstrate that the low-P, high-T 
granulite metamorphism with a distinctive anti-clockwise P-T-t path in the Arunta Inlier, the only type 
identified in the Northern Australian Orogenic Province, is unrelated to the Barramundi Orogeny. 
2. Some granite suites in the Arunta Inlier, which previously were assigned to the Barramundi 
Igneous Association based on geochemical arguments (e.g. Wyborn, 1988; Warren, 1989), are actually 
1760-1770 Ma old, about 100 Ma younger than would be expected. This therefore mitigates against the 
use of generalized geochemical criteria for the grouping of granite suites on regional scales. 
3. Inherited zircons with 1850-1880 Ma Barramundi ages are identified in several granitic suites, 
which, combined with the age of the Atnarpa Igneous Complex (Zhao and Cooper, 1992), suggests the 
1850-1880 Ma tectonic event has also affected the Arunta Inlier, but has been obscured by the more 
widespread 1750-1770 Ma deformational, magmatic and metamorphic event. 
4. The new zircon ages, combined with previously reported data, suggests the Division concept 
of Stewart et al. (1984) is an oversimplification and not chronostratigraphically meaningful. For 
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instance, whilst the Division 2 intruded by the Atnarpa Igneous Complex is older than 1880 Ma, the 
"older" Division 1 in the Central Arunta Province is about -1760 Ma. 
5. This study suggests that only the supracrustal sequence of the Division 3 in the Southern 
Arunta Province, not the Southern Arunta Province itself as postulated by Black and Shaw (1992), is 
distinctive from, and significantly younger than the rest of the Arunta Inlier. It is argued that the 
Omiston Nappe Thrust Zone, and more easterly the Charles River Fault Zone may be tectonically more 
important than previously thought. 
6. A compilation of U-Pb zircon ages suggest the following episodes of magmatic and thermal 
activities occurred in the Arunta Inlier. They are: 1860-1880 Ma, intrusion of the Atnarpa Igneous 
Complex; 1820 Ma, intrusion of post-DI, pre-D2 granites in the Reynolds-Anmatjira Ranges area 
(Clarke et al., 1990); 1750-1770 Ma, intrusion of major syntectonic granite suites throughout the Arunta 
Inlier; 1710-1730 Ma, intrusion of post-tectonic granite suites with high heat productivity; 1650-1660 
Ma, intrusion of pre-Chewings deposition granites in the Southern Arunta Province; 1600-1615 Ma, 
intrusion of syn-Chewing deposition granites in the Southern Arunta Province; 1137~j Ma, intrusion of 
the Redbank Hill pegmatite in response to the thermal Omiston Event; and 520~ Ma, intrusion of the 
Harts Range pegmatite. 
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FIGURE CAPTIONS: 
Figure 1: Simplified geological map of the eastern Arunta Inlier, central Australia, illustrating the 
distribution of the major stratigraphic divisions, granitoids and structural boundaries (after Zhao and 
Cooper, 1992). ANC = Arltunga Nappe Complex, RDZ = Redbank Deformed Zone, HRDZ = Harts 
Range Detachment Zone, ISZ = Illogwa Schist Zone, DFZ = Delny Fault Zone, MSZ = Mount Sainthill 
Schist Zone. Abbreviations in corners of 1:250,000 sheet areas denote sheet names as follows: A = 
Alcoota; AS= Alice Springs; H = Hermannsburg; HU= Huckitta; IC = Illogwa Creek. Initials of major 
granite suites are: AGC = Atneequa Granitic Complex; AIC = Atnarpa Igneous Complex, AS = Alice 
Springs Granite, BB =Burt Bluff gneiss; BG= Bruna Gneiss; BH =Boggy Hole Gneiss; D = Dneiper 
Granite; EOC = Entia orthogneiss complex; JG =Jessie Gap Gneiss; JN= Jennings Granitic Gneiss; JV 
= Jervois Granite; MS= Mount Swan Granite; RG = Rungutjirba Gneiss. Black dots with numbers are 
localities of samples for U-Pb zircon dating. 
Figure 2: Diagram showing variations in Th, U and Th/U ratios in zircons of granites from the Arunta 
Inlier. 
Figure 3: U-Pb zircon concordia diagram for the Alice Springs Granite (sample 89-525). 
Figure 4: U-Pb zircon concordia diagram for the Jessie Gap Gneiss (sample 89-510). 
Figure 5: U-Pb zircon concordia diagram for a tonalitic gneiss, the Randal Peak Metamorphics 
(sample 89-492). 
Figure 6: U-Pb zircon concordia diagram for the Atneequa Granitic Complex (sample 89-543). 
Figure 7: U-Pb zircon concordia diagram for the Boggy Hole Gneiss (Sample 89-515). 
Figure 8: U-Pb zircon concordia diagram for the Burt Bluff Gneiss (sample 89-512). 
Figure 9: U-Pb zircon concordia diagram for the Rungutjirba Gneiss (sample 91-554). 
Figure 10: U-Pb zircon concordia diagram for the Jervois Granite (sample 89-567). 
Figure 11: U-Pb zircon concordia diagram for the Dneiper Granite (sample 89-554). 
Figure 12: U-Pb zircon concordia diagram for the Mount Swan Granite (sample 89-551). 
Figure 13: A. Summary of U-Pb zircon ages on granites and granitic gneisses from the Arunta 
Inlier. Data from this study, Mortimer et al. (1987), Cooper et al. (1988), Zhao and Cooper (1992), 
Black and Shaw (1992) and Collins et al. (in Clarke et al., 1990). The 1137 ~j Ma Redbank Hill 
pegmatite (Black and Shaw, 1992) and 520~ Ma Harts Range pegmatite (Mortimer et al., 1987) are not 
shown in this diagram. Major granitic activities can be grouped into 6 episodes, i.e. 1860-1880 Ma, 
1820 Ma, 17 50-1770 Ma, 1710-1730 Ma, 1650-1660 Ma, and 1590-1615 Ma, with the 17 50-1770 Ma 
episode being the dominant one in the Arunta Inlier. B. Cartoon illustrating comparison of magmatic 
events in the Arunta Inlier as indicated by U-Pb zircon ages with those in other terrains of Northern 
Australia (Page, 1988) as· well as Colorado, SW United States (Bickford et al., 1989; Premo & Van 
Schmus, 1989). Darker patterns correspond to more intense events. See text for discussion. 
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TABLE CAPTIONS 
Table 1: Geological contexts of granite suites of the Arunta Inlier sampled for U-Pb zircon isotopic 
dating. 
Table 2: Ion probe U-Pb isotopic analyses of zircons from major granite suites of the Arunta Inlier, 
central Australia. f206Pb% denotes the percentage of common 206pb in the measured 206Pb. Cone% 
denotes degree of concordance. Pb in 206pbf238u, 207pbJ235u, and 207pbf206pb ratios includes 
radiogenic lead only. rnd =rounded, w-rnd =weakly rounded, znd =zoned, eu-znd = euhedrally zoned, w-
znd =weakly zoned, eu = euhedral, pris =prismatic, L-pris =long prismatic, s-pris =short prismatic, p = 
purple, w = white, b = brown, no-str =no internal structure and uniform, "ac+ezr" = apparent core with 
euhedrally zoned rim. Uncertainties are at lcr level. 
Table 3: Summary of U-Pb zircon ages for samples analysed in this study. 
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Table 1: Major granite suites sampled for U-Pb zircon ion probe analysis. * Grid Reference. 
Unit Stratigraphic Relations Rock Type 
Southern Arunta Province 
Alice Springs Granite 
(Sample 89-525, Locality 1) 
5650-837840"' 
Jessie Gap Gneiss 
(Sample 89-510, Locality 2) 
5750-015793 
Randall Peak Metamorphics 
(Sample 89-492, tonalitic 
gneiss, Locality 3) 
5751-350089 
Atneequa Granitic Complex 
(Sample 89-543, Locality 4) 
23°33'48"S, 135°7'12"E 
Boggy Hole Gneiss 
(Sample 89-515, Locality 5) 
5550-302917 
Burt Bluff Gneiss 
(Sample 89-512, Locality 6) 
5650-635717 
Rungutjirba Gneiss 
(Sample 91-554, Locality 7) 
5650-691798 
Probably intrudes Sadadeen Range gneiss; intrudes 
pf.pp; intruded by Stuart Dyke Swarm. 
Nonconformably overlain by the Heavitree 
Quartzite 
Nonconformably overlain by Heavitree Quartzite; 
concordant contact with the Division 2 sequence 
p£pb; grades into pf. of Division 2; intruded by 
Stuart Dyke Swarm 
Division 2. Concordant but locally intruded by 
Jennings, Trephina and Georgina Gap granitic 
gneisses. Intruded by Mordor Igneous Complex 
Intrudes the Albarta Metamorphics and p£f of the 
Division 2 
Probably the granitic basement to the Chewings 
Range metasediments (feyssier et al., 1988). 
Deformed and metamorphosed during the Chewings 
phase of the Alieron Event at 1585±70 Ma 
(Marjoribanks and Black, 1974). Intruded by Stuart 
Dyke Swam. 
Intrudes Simpsons Gap Metasediments of the 
Division 3; nonconformably overlain by Heavitree 
Quartzite of the Amadeus Basin; intruded by Stuart 
Dyke Swarm 
White muscovite-biotite trondhjemite 
Biotite-feldspar granitic gneiss. Main 
phase slightly porphyritic gneissic 
granite. 
Quartzofeldspathic gneiss with minor 
amphibolite and biotite gneiss 
interlayers. Amphibolite fades 
metamorphism 
Consists of granodiorite, granite, 
diorite, granitic gneiss, amphibolite 
and syenite. Many xenoliths of the 
country rocks. Clear contact 
metamorphism 
Includes Pf (quartzofeldspathic 
gneiss), Pp (porphroblastic granitic 
gneiss), Paf (leucocratic 
quartzofeldspathic gneiss) and Pal 
(laminated granitic gneiss), all garnet-
bearing. 
Fairly homogeneous granitic gneiss. 
Rare metasedimentary xenoliths 
Conformably overlain by the Chewings Range Fairly homogeneous granitic gneiss. 
Quartzite. Could be volcanic equivalent of the Burt Finer-grained than Burt Bluff Gneiss 
Bluff Gneiss 
Northern Arunta Province (Huckitta-Alcoota Sheets) 
Jervois Granite 
(Sample 89-567, Locality 8) 
22°43'54"S, 136°13'12"E 
Dneiper Granite 
(Sample 89-554, Locality 9) 
22°41 '42"S, 135°2'48"E 
Mount Swan Granite (Sample 
89-551, Locality 10) 
22°33'18"S, 134°57'18"E 
Possibly intrudes the Bonya Schist of Division 2 
and the Attutra Metagabbro. Consists of numerous 
pendants and rafts of metamorphic country rocks. 
Intrude Division 2 (p£v). Intruded by Mount Swan 
Granite and unnamed granites (Pgk and Pg), and by 
dolerite and gabbro. Equivalent to unnamed Pgg. 
Correlated with Copia and Crooked Creek Granites 
inAlcoota Sheet (Shaw & Warren, 1975) 
Intrudes Perenti Metamorphics of Division 2 
(Freeman, 1986) and probably Division 3 rocks 
(Shaw and Warren, 1975). Contains many rafts of 
Division 2 rocks. Equivalent to unnamed Pgk. 
Lithologically and geochemically correlated with 
Mount Ida Granite in the Alcoota Sheet 
Biotite granodiorite. Rb-Sr isochron 
age 1775±37 Ma (Black, 1980). 
Could be correlated with unnamed 
Pgn, a gneissic hornblende biotite 
granodiorite. 
Grey, biotite-rich gneissic granite, 
locally hornblende-bearing and 
numerous small xenoliths. 
Considered the oldest granite in the 
region 
Pink, porphyritic to megacrystic with 
phenocrysts up to 100 mm. 
Groundmass consists of quartz, 
orthoclase, plagioclase (An30), 
hornblende and accessory minerals 
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Table 2: Ion probe U-Pb isotopic analyses for zircons from granites of the Arunta Inlier, central Australia 
Grain. Description u Th 204p b ~
06Pb 206p b 207p b 207p b 206pb 207pb Cone 
spot (ppm) u (ppb) (%) 2Jsu 23Su 206p b 238U Age ffiPb Age (%) 
89-525 (Alice Springs Granite, Locality 1) 
1.1 md,p 181 0.52 9 0.25 0.349 5.57 0.1156±17 1932±35 1890±27 102 
2.1 no-str, p 276 0.50 12 0.24 0.316 4.64 0.1064±16 1771±39 1739±27 102 
3.1 w-md, no-str 287 0.26 0 0.00 0.428 10.33 0.1752±10 2296±49 2608±9 88 
4.1 core, no-str 264 0.57 9 0.25 0.260 4.07 0.1134±23 1492±34 1855±37 80 
4.2 rim, md 2403 0.95 2106 35.53 0.029 0.12 0.0301±87 184±5 0 
5.1 w, s-pris 80 0.53 0 0.02 0.276 3.78 0.0992±17 1572±36 1610±32 98 
6.1 eu, no-str, p 228 0.45 4 0.10 0.319 4.69 0.1068±12 1782±39 1746±21 102 
7.1 pris 1 no-str 147 0.34 0 0.02 0.299 4.47 0.1085±14 1685±38 1775±24 95 
8.1 core, md, no-str 759 0.31 1 0.01 0.323 5.05 0.1134±7 1805±39 1855±11 97 
9.1 pris, w-znd, p 301 0.40 4 0.08 0.312 4.61 0.1071±10 1753±39 1750±17 100 
10.l core, md, no-sb" 685 0.08 9 0.06 0.373 6.46 0.1256±8 2~5±44 2038±11 100 
11.1 clear, no-sir 211 0.66 0 0.00 0.322 4.82 0.1087±11 1798±40 1777±18 101 
12.1 pris, no-sir, p 255 0.48 4 0.10 0.302 4.39 0.1053±11 1703±38 1720±19 99 
13.1 no-str 273 0.45 3 0.o7 0.305 4.47 0.1066±10 1714±38 1741±17 98 
14.1 no-sir 233 0.93 61 1.56 0.303 4.52 0.1084±23 1705±38 1772±40 96 
15.1 pris, no-sir, big 311 1.83 0 0.00 0.298 4.30 0.1~8±9 1680±37 1711±16 98 
16.1 no-str, p 243 0.41 0 0.00 0.3~ 4.61 0.1099±9 1713±38 1798±15 95 
17.1 core, md, no-str 371 0.58 0 0.00 0.462 10.38 0.1628±8 2450±51 2485±9 99 
18.1 pris, cracks 277 0.47 13 0.26 0.319 4.55 0.1036±12 1784±39 1690±22 106 
19.1 core, no-str, p 286 0.58 0 0.00 0.441 8.64 0.1421±8 2355±50 2252±10 105 
20.1 pris, w-znd, p 206 0.45 I O.Q3 0.308 4.66 0.1096±9 1733±38 1792±16 97 
20.2 rim, dirty, eu-znd 974 0.54 1319 13.16 0.163 2.06 0.0915±37 973±23 1457±78 67 
20.3 rim, dirty, eu-znd 1140 0.49 1039 8.35 0.182 2.27 0.0903±40 1080±25 1432±87 75 
21.1 s-pris, no-str, w 214 1.14 7 0.19 0.319 4.61 0.1~8±19 1783±39 1711±34 I~ 
22.1 clear, no-str, w 185 0.67 2 0.o7 0.291 4.01 0.1002±15 1645±37 1627±28 101 
23.1 pris, w-znd, p 256 0.39 9 0.21 0.318 4.81 0.1095±12 1782±39 1792±20 99 
24.1 pris, no-str 170 0.38 6 0.20 0.329 4.74 0.1~7±16 1831±41 1709±29 107 
89-510 (Jessie Gap Gneiss, locality 2) 
1.1 pris, w-znd 203 0.52 6 0.16 0.320 4.69 0.1063±16 1790-+-33 1736±27 103 
1.2 pris, w-znd 197 0.65 0 0.00 0.327 4.83 0.1071±11 1826±34 1751±18 I~ 
3.1 s-pris, no-sir 972 0.16 103 0.60 0.319 4.07 0.0927±17 1784±33 1481±36 121 
4.1 s-pris, md, no-sir 331 0.32 3 0.05 0.305 4.54 0.1079±10 1716±32 1765±16 97 
5.1 s-pris 1 md, no-str 575 0.32 8 0.08 0.320 4.69 0.1065±9 1789±32 1740±15 103 
6.1 pris, md, no-sir 283 0.51 0 0.00 0.325 4.77 0.1064±8 1815±33 1738±14 I~ 
7.1 md, no-sb" 182 0.38 3 0.10 0.321 4.75 0.1072±15 1797±33 1752±26 103 
8.1 pris 1 no-str, w 322 0.39 0 0.00 0.327 4.77 0.1059±7 1824±33 1729±13 105 
9.1 pris, no-str, w 235 0.46 8 0.20 0.328 4.84 0.1072±22 1828±34 1752±39 l~ 
10.1 md, no-str 212 0.29 0 0.00 0.306 4.43 0.1~8±11 1723±32 1711±19 101 
11.1 pris, no-str 317 0.41 0 0.00 0.330 4.82 0.1060±8 1836±34 1732±14 106 
12.1 pris, no-str 268 0.46 0 0.00 0.318 4.77 0.1088±9 1778±33 1780±15 100 
13.1 w-znd, L-pris 425 0.29 0 0.00 0.333 4.92 0.1072±8 1851±34 1753±14 106 
14.1 L-pris, no-sir 4~ 0.44 0 0.00 0.307 4.76 0.1124±7 1726±31 1839±11 94 
15.I w-znd,pris 369 0.35 0 0.00 0.332 4.94 0.1081±8 1847±34 1768±13 l~ 
16.1 md, no-sb", w 179 0.53 0 0.00 0.335 4.93 0.1069±12 1861±35 1748±20 106 
17.I md, no-str, p 265 0.49 12 0.26 0.317 4.64 0.1063±13 1774±33 1737±22 102 
18.1 L-pris, no-sir, p 6~ 0.09 26 0.31 0.253 3.03 0.0867±11 1454±27 1354±24 107 
19.1 w-znd, pris, p 310 0.34 6 0.11 0.319 4.71 0.1071±12 1785±33 1750±20 102 
20.l md, no-str, w 314 0.33 12 0.21 0.329 4.86 0.1070±12 1834±33 1749±21 105 
89-492 (Tonalitic gneiss, Randall Peak Metamorphics, Locality 3) 
I.I md, no-str 201 0.50 0 0.00 0.316 4.70 0.1079±9 1770±33 1764±15 100 
2.1 md, no-str 131 0.55 0 0.00 0.334 5.05 0.1097±11 1857±35 1794±18 l~ 
3.1 no-str 121 0.57 0 0.00 0.324 4.86 0.1088±12 1811±34 1779±20 102 
4.1 pris, clear 167 0.78 3 0.10 0.301 4.57 0.1102±17 1696±38 1802±29 94 
5.1 no-str, clear 197 0.59 4 0.12 0.314 4.58 0.1058±19 1759±39 1728±33 102 
6.1 no-str, clear 283 0.44 II 0.23 0.306 4.55 0.1079±16 1720±38 1763±27 98 
7.1 no-str, clear 150 0.52 0 0.00 0.317 4.68 0.1071±14 1774±40 1751±24 101 
8.1 md, clear, no-sb" 209 0.45 0 0.00 0.299 4.26 0.1033±10 1688±38 1684±18 100 
9.1 md, no-sb" 159 0.60 0 0.00 0.308 4.56 0.1073±11 1732±39 1754±19 99 
IO.I pris, no-sir 230 0.71 0 0.00 0.302 4.57 0.1096±11 1703±38 1793±19 95 
I I. I pris, no-str 175 0.46 0 0.00 0.303 4.58 0.1097±11 1705±38 1794±19 95 
12.1 pris, no-str 165 0.81 2 0.09 0.307 4.53 0.1067±16 1727±38 1749±27 99 
13.1 pris, no-str 143 0.62 0 0.00 0.305 4.51 0.1074±12 1715±39 1756±20 98 
14.1 pris, no-str 324 0.58 5 O.Q9 0.319 4.80 0.1091±9 1784±39 1785±15 100 
15.1 md, no-sir, p 221 0.61 0 0.00 0.316 4.76 0.1090±9 1772±39 1783±16 99 
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Table2: continued 
Grain. Descrlpllon u Th 204p b r
06Pb 206p b 207p b 207p b 106pb 2D7pb Cone 
spot {ppm) u {ppb) {%) 2Jsu 23Su 206p b 21su Age io6p b Age {%) 
16.1 no-strf p 174 0.66 0 0.00 0.326 4.87 0.1085±11 1817±40 1774±19 102 
17.1 ncrstr, clear 306 0.80 0 0.00 0.320 4.75 0.1078±9 1788±39 1763±14 101 
18.1 pris, no-str, p 211 0.60 0 0.00 0.297 4.47 0.1093±9 1675±37 1788±16 94 
19.1 no-str, p 249 0.53 0 0.00 0.317 4.72 0.1081±9 1773±39 1767±14 100 
20.l pris, w-znd, p 180 0.60 5 0.15 0.311 4.58 0.1068±16 1745±39 1746±28 100 
21.1 pris, no-str, p 227 0.79 I O.o3 0.324 4.72 0.1057±11 1808±40 1727±18 105 
22.1 md, ncrstr 222 0.58 2 0.05 0.315 4.95 0.1141±11 1765±39 1866±18 95 
89-543 (Alneequa Granilic Complex, Localily 4) 
I.I pris, eu, p 422 0.29 4 0.06 0.311 4.62 0.1075±6 1748±38 1758±10 99 
2.1 w-md 190 0.25 0 0.00 0.318 4.62 0.1053±9 1781±39 1720±15 104 
3.1 droplet, no-str 228 0.21 0 0.00 0.318 4.75 0.1085±8 1778±39 1775±14 100 
4.1 md, no-str 224 0.43 2 0.04 0.336 4.82 0.1042±16 1865±41 1700±28 110 
5.1 pris, eu 211 0.24 5 0.13 0.311 4.56 0.1065±10 1745±39 1739±18 100 
6.1 pris, w, clear 90 0.64 0 0.00 0.330 4.95 0.1086±11 1840±41 1776±19 104 
7.1 pr is 163 0.62 0 0.00 0.327 4.86 0.1079±:9 1823±40 1764±15 103 
8.1 ncrstr, white 225 0.38 0 0.00 0.325 4.70 0.1010±8 1812±40 1714±13 106 
9.1 L-pris, eu 163 0.75 0 0.02 0.334 5.01 0.1088±9 1858±41 1779±16 104 
IO.I S-pris, eu 387 0.21 0 0.00 0.322 4.75 0.1072±6 1798±39 1752±11 103 
I I.I L-pris, w-md 237 0.36 0 0.00 0.319 4.75 0.1080±8 1786±39 1766±14 IOI 
12.l L-pris 240 0.34 0 0.00 0.323 4.80 0.1078±7 1804±40 1762±13 102 
89-515 (Boggy Hole Gneiss, Localily 5) 
1.1 core, ncrstr, p 115 0.73 0 0.00 0.308 4.44 0.1044±11 1732±39 1704±19 102 
2.1 pris, p 270 1.08 I 0.02 0.288 4.03 0.1016±9 1631±36 1653±16 99 
3.1 no-str, clear, b 164 0.66 I 0.04 0.289 4.02 0.1008±12 1638±37 1638±22 100 
4.1 S-pris, w 124 0.72 0 0.00 0.283 3.99 0.1023±11 1606±36 1666±21 96 
5.1 no-str, p 307 0.26 2 0.05 0.302 4.17 0.1002±9 1702±37 1627±16 105 
6.1 core, ncrstr, p 226 0.54 3 O.o? 0.309 4.54 0.1064±9 1738±38 1739±16 100 
7.1 S-pris 103 0.78 I 0.04 0.281 3.88 0.1004±15 1595±36 1631±29 98 
8.1 clear, ncr str 264 0.84 0 0.00 0.287 4.02 0.1017±7 1625±36 1656±13 98 
9.1 clear, no-str 233 0.72 4 0.12 0.303 4.19 0.1002±12 1708±38 1627±23 105 
10.1 pris, eu 289 0.67 2 0.05 0.290 4.07 0.1016±21 1643±36 1653±39 99 
I I.I pris, clear 155 0.82 0 0.00 0.305 4.26 0.1014±9 1716±38 1649±17 104 
12.l pris, ncrstr, p 219 0.91 0 0.00 0.299 4.16 0.1008±7 1688±37 1638±13 103 
13.1 md, ncrstr, p 63 0.53 0 0.00 0.321 4.51 0.1019±13 1795±41 1659±24 108 
14.1 pris, ncrstr 119 0.81 0 0.00 0.309 4.32 0.1013±9 1737±39 1648±16 105 
15.1 pris, ncrstr 163 0.56 0 0.00 0.296 4.18 0.1026±9 1670±37 1671±17 100 
89-512 (Burt Bluff Gneiss, Localily 6) 
1.1 L-pris, no-str 200 0.87 0 0.00 0.291 4.11 0.1023±10 1647±31 1667±18 99 
2.1 L-pris, w, small 396 0.99 5 0.08 0.293 3.97 0.0982±8 1658±30 1590±15 104 
3.1 S-pris, no-str 607 0.77 31 0.32 0.292 3.92 0.0975±9 1651±30 1577±17 105 
4.1 pris, no-str 361 0.70 8 0.14 0.279 3.76 0.0979±9 1585±29 1584±16 100 
5.1 S-pris, small 272 1.00 5 0.12 0.295 4.02 0.0989±12 1667±31 1603±22 104 
6.1 pris, w-md 350 0.89 7 0.12 0.289 3.94 0.0988±9 1636±30 1601±18 102 
7.1 S-pris, w-znd 688 1.47 0 0.00 0.291 3.99 0.0995±6 1645±30 1615±11 102 
8.1 pris, no-str, w 475 1.38 5 0.07 0.281 3.83 0.0989±7 1595±29 1604±14 99 
9.1 pris, W-2'Jld 811 0.76 130 0.82 0.362 4.64 0.0930±22 1992±37 1488±46 134 
10.l S-pris, eu-md 349 0.96 0 0.00 0.290 3.87 0.0971±8 1639±30 1569±14 104 
11.1 pris, eu, w~znd 416 1.27 0 0.00 0.288 3.91 0.0986±7 1630±30 1598±14 102 
12.l S-pris, w-znd 217 1.34 I o.oi 0.291 4.00 0.0998±9 1644±30 1620±17 101 
13.l S-pris, w-znd 512 0.94 0 0.00 0.292 4.01 0.0996±5 1651±30 1617±10 102 
14.l w-md 474 1.24 0 0.00 0.292 3.96 0.0984±6 1650±30 1594±11 103 
15.1 no-str, w 345 1.07 0 0.00 0.302 4.11 0.0989±7 1700±31 1603±13 106 
16.i pris, w-md 361 1.26 0 0.00 0.296 4.07 0.0997±7 1671±31 1619±21 103 
17.l pris, no-str 278 0.95 7 0.17 0.286 3.96 0.1003±11 1624±30 1629±21 100 
18.1 pris, no-str 385 1.43 0 0.00 0.285 3.92 0.0999±8 1616±30 1623±14 100 
91-554 (Runguljirba Gneiss, Locality 7) 
1.1 S-pris, no-str 317 1.30 0 0.00 0.284 3.90 0.0995±8 1611±36 1615±15 100 
2.1 pris, w-md 381 0.87 0 0.00 0.288 3.95 0.0995±7 1632±36 1614±13 101 
3.1 pris, ncrstr 203 1.06 0 0.00 0.291 3.97 0.0990±9 1646±37 1605±17 103 
4.1 pris, eu-md, p 254 0.91 0 0.00 0.289 3.91 0.0982±8 1637±36 1590±16 103 
5.1 pris, no-str, b 209 0.90 0 0.00 0.298 4.14 0.1008±8 1682±37 1638±14 103 
6.1 pris, no-str, b 276 0.81 0 0.00 0.287 3.94 0.0998±7 1625±36 1621±14 100 
7.1 pris, no-str 261 1.30 0 0.00 0.297 4.09 0.0997±8 1678±37 1618±15 104 
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Table 2: Continued 
Grain. Description u Th 204p h 
[106p h 206p h 207p b 207p b 206Pb 207pb Cone 
spot (ppm) u (ppb) (%) 2Jsu 235U 206p b nsu Age ffiPb Age (%) 
89-567 (Jervois Granite, Locality 8) 
1.1 pris, eu, big 254 0.25 21 0.54 0.279 4.27 0.1109±14 1589±42 1814±23 88 
2.1 pris, cu, w 330 0.35 17 0.31 0.308 4.48 0.1056±10 1730±45 1725±17 100 
3.1 eu, no-str, w 472 0.68 0 0.00 0.342 5.17 0.1097±6 1895±48 1795±9 106 
4.1 L-pris, eu 253 0.61 2 0.05 0.342 5.18 0.1097±8 1898±48 1795±13 106 
5.1 pris, w-znd, big 177 0.77 0 0.00 0.344 5.12 0.1078±9 1908±49 1763±15 108 
5.2 pris, w-znd, big 154 0.41 18 0.69 0.314 4.57 0.1057±27 1758±38 1727±48 102 
6.1 droplet, p 175 0.49 0 0.00 0.317 4.70 0.1076±8 1774±46 1759±14 101 
7.1 pris, no-str 169 1.04 0 0.00 0.326 4.83 0.1073±9 1821±47 1754±15 104 
8.1 pris, no-str 310 0.65 8 0.16 0.304 4.48 0.1071±9 1709±44 1750±15 98 
9.1 clear, no-str 254 0.50 I 0.02 0.323 4.88 0.1095±9 1805±47 1791±14 101 
10.1 clear, no-str 254 0.16 7 0.17 0.313 4.57 0.1060±10 1754±45 1732±18 101 
11.1 clear, no-str 142 1.03 6 0.27 0.305 4.46 0.1062±12 1716±45 1735±22 99 
12.1 pris, w 148 0.51 3 0.13 0.256 3.90 0.1105±13 1471±39 1807±21 81 
13.1 eu, w-znd, p 411 0.64 0 0.01 0.295 4.42 0.1086±6 1666±43 1776±10 94 
14.1 pris, no-str 79 0.97 2 0.15 0.315 4.69 0.1081±22 1763±47 1768±38 100 
15.1 core+znd rim, p 191 0.56 3 0.10 0.307 4.63 0.1095±9 1724±45 1791±16 96 
16.1 pris, core+rim, p 548 0.53 36 0.55 0.219 3.11 0.1028±10 1279±34 1675±17 76 
17.1 L-pris, eu 266 0.72 0 0.01 0.292 4.37 0.1084±7 1653±43 1772±12 93 
18.1 "core", eu 79 1.58 0 0.00 0.301 4.60 0.1111±14 1694±45 1818±22 93 
18.2 rim, eu 1072 0.31 592 8.67 0.107 1.37 0.0933±34 654±18 1494±70 44 
19.1 w-znd,p 310 0.21 2 0.04 0.316 4.65 0.1068±6 1771±45 1745±10 IOI 
20.! pris, p, no-str Ill 1.08 3 0.18 0.288 4.23 0.1065±15 1630±43 1740±25 94 
21.1 pris, eu, w 87 1.16 2 0.12 0.314 4.65 0.1073±17 1763±46 1754±29 101 
22.1 pris, eu, znd rim 310 0.98 6 0.12 0.306 4.55 0.1078±7 1721±44 1762±12 98 
23.1 md .. core .. , znd rim 179 0.62 2 O.D7 0.305 4.52 0.1074±11 1718±45 1755±19 98 
24.1 pris, no-str, big 265 1.32 5 0.11 0.325 4.97 0.1107±8 1815±47 1812±13 100 
89-554 (Dneiper Granite, Locality 9) 
1.1 pris, eu, eu-l.lld 230 0.59 23 0.62 0.291 4.32 0.1079±13 1645±43 1764±23 93 
2.1 core, no-str, w 178 0.30 2 0.06 0.329 5.20 0.1145±10 1835±47 1871±16 98 
3.1 pris, znd, cracks 465 0.77 63 1.06 0.234 3.40 0.1057±13 1353±36 1726±23 78 
4.1 no-str, w, cracks 203 0.47 15 0.54 0.259 3.96 0.1110±14 1482±39 1816±22 82 
5.1 core, no-str, w 133 0.71 I 0.04 0.317 4.95 0.1132±9 1777±46 1851±15 96 
5.2 inclusion 178 0.65 191 6.90 0.264 4.52 0.1240±60 1512±34 2014±88 75 
6.1 pris, eu, no-str, w 487 0.72 25 0.43 0.222 2.89 0.0944±11 1294±28 1516±22 85 
7.1 pris, eu, no-str, w 133 0.73 225 8.48 0.334 4.92 0.1068±69 1857±42 1746±123 106 
9.1 pris, eu, no-str 92 0.56 9 0.52 0.327 4.84 0.1073±33 1826±40 1754±57 104 
10.1 core, no-str,eu-rim 187 0.77 201 8.72 0.204 3.70 0.1313±72 1199±28 2115±99 57 
11.1 pris, znd, cacks 399 0.61 28 0.46 0.276 3.99 0.1050±12 1569±34 1714±21 92 
12.1 pris, no-str 1 w 380 0.71 58 0.91 0.302 4.26 0.1023±14 1703±36 1665±25 102 
13.1 core, no-str, md 145 0.55 78 3.43 0.278 4.29 0.1119±43 1581±35 1831±71 86 
14.1 no-str, w, clear 530 0.15 26 0.47 0.192 2.58 0.0975±24 1134±25 1576±47 72 
15.1 pris, no-str, w 320 0.44 21 0.36 0.325 4.83 0.1077±12 1815±38 1762±21 103 
16.1 pris, eu, eu-m.d 595 0.57 157 1.69 0.279 3.97 0.1031±23 1587±34 1680±41 94 
17.1 pris, eu, eu-znd 403 0.55 24 0.45 0.242 3.45 0.1033±12 1398±30 1684±22 83 
18.1 core, no-str, md 167 0.36 280 7.49 0.379 7.20 0.1379±51 2069±45 2200±66 94 
19.1 pris, eu, eu-znd 491 0.47 13 0.15 0.313 4.74 0.1098±9 1755±37 1796±14 98 
20.! pris, eu- eu-znd 417 0.35 15 0.24 0.285 4.16 0.1058±10 1616±35 1728±18 94 
21.1 no-str, w 136 0.77 5 0.20 0.316 4.66 0.1069±28 1772±38 1747±49 101 
22.1 pris, eu, eu-znd 285 0.23 29 0.59 0.318 4.81 0.1099±13 1778±38 1798±22 99 
23.1 no-str, md 159 0.82 3 0.10 0.326 4.98 0.11078±11 1818±39 1812±17 100 
24.1 pris, eu-znd 529 0.47 1793 18.56 0.271 4.10 0.1096±44 1546±34 1793±74 86 
25.1 pris, znd 171 0.38 14 0.47 0.321 4.67 0.1056±16 1793±38 1724±29 104 
26.1 core, eu-md 226 0.18 11 0.25 0.353 5.79 0.1189±12 1951±41 1939±17 101 
27.1 core, md, w-znd 385 0.14 67 1.02 0.307 4.82 0.1139±13 1726±37 1863±21 93 
28.1 no-str, w, clear 151 0.57 5 0.19 0.311 4.65 0.1085±18 1746±38 1774±30 98 
29.1 pris, w-znd, clear 182 0.65 25 0.76 0.325 4.84 0.1080±19 1815±39 1766±33 103 
89-551 (Moun/ Swan Granite, Locality 10) 
1.1 pr-is, eu-znd, big 203 0.49 I 0.03 0.313 4.57 0.10589±9 1756±39 1730±15 102 
2.1 pris, znd, clear 242 0.58 0 0.00 0.312 4.56 0.1060±7 1751±39 1732±12 101 
3.1 L-pris, znd, p 426 0.42 47 0.82 0.244 3.48 0.1035±14 1406±31 1687±25 83 
4.1 pr-is, eu-znd, p 434 0.51 8 0.11 0.304 4.36 0.1038±9 1714±38 1693±17 101 
5.1 pris, no-str, clear 573 0.27 0 0.01 0.305 4.44 0.1054±5 1717±38 1721±9 100 
6.1 pris, no-str, clear 540 0.65 5 0.05 0.307 4.49 0.1063±6 1724±38 1736±10 99 
7.1 pris, no-str, md 324 0.51 7 0.14 0.297 4.25 0.1040±9 1674±37 1696±16 99 
8.1 no-str, small, w 635 0.20 0 0.00 0.309 4.47 0.1047±5 1738±38 1708±8 102 
255 
Table 2: Continued 
Grain. u Th 204p b po6pb 206p b 207p b 207p b l06pb l07pb Cone 
spot Description (ppm) u (ppb) (%) 2Jsu 235U 206p b =u Age ffiPb Age (%) 
9.1 no-str, small, w 361 0.71 2 O.Q2 0.321 4.58 0.1036±7 1794±39 1690±12 106 
10.l pris, no-str, w 114 0.41 5 0.25 0.337 4.83 0.1038±17 1873±42 1693±30 111 
11.1 "ac-+ezr" 472 1.33 0 0.00 0.295 4.08 0.1004±6 1665±37 1632±11 102 
12.l pris, eu-md 305 0.51 0 0.00 0.311 4.42 0.1031±7 1746±38 1680±12 104 
13.l pris, "ac+czr" 449 0.53 0 0.00 0.295 4.25 0.1046±7 1664±37 1708±12 97 
14.l L-pris, "ac+czr" 683 0.56 7 0.06 0.293 4.21 0.1042±6 1655±36 1701±10 97 
15.l pris, "ac+czr" 501 0.56 0 0.00 0.314 4.57 0.1058±5 1758±38 1728±9 102 
16.l L-pris, w-md, p 417 1.02 0 0.00 0.313 4.56 0.1055±6 1757±38 1723±10 102 
P06Pb% denotes the percentage or common 206pb in the measured 206Pb. Cone% denotes degree or concordance. Pb in 206Pb/238U, 
207pb123Su, and 207pb/206Pb ratios includes radiogenic lead only. rnd =rounded, w-rnd =weakly rounded, md =zoned, eu-znd = euhedrally 
zoned, w-znd = weakly zoned, eu = euhedral, pris =prismatic, L-pris = long prismatic, s-pris = short prismatic, p = purple, w = white, b = 
brown, no-str =no internal slructure and unirorm, "ac+ezr" =apparent core with euhedrally zoned rim. Uncertainties are at lcr level. 
Table 3: Summary of U-Pb zircon ages of the Arunta Granites obtained in this study 
Units Number Mean 207Pb/206pb Comments 
of data age (Ma) 
Alice Springs Granite (89-525) 15 1752±11 crystallization age 
3 1860±20 (2cr) inheritance age 
Jessie Gap Gneiss (89-510) 17 1747±9 crystallization age 
tonalitic gneiss of Randall Peak 20 1771±9 crystallization age 
Metamorphics (89-492) 
Atneequa Granitic Complex 9 1762±9 crystallization age 
(89-543) 3 1715±19 (2cr) metamorphic age or 
analytical outlier(?) 
Boggy Hole Gneiss (89-515) 13 1648±10 crystallization age 
2 1724±24 (2cr) inheritance age 
Burt Bluff Gneiss (89-512) 16 1603±7 crystallization age 
Rungutjirba Gneiss (91-554) 7 1615±11 crystallization age 
Jervois Granite (89-567) 23 1771±6 crystallization age 
Dneiper Granite (89-554) 12 1762±14 unweighted mean; 
biassed by 
discordant data 
9 1771±15 unweighted mean; 
crystallization age 
3 1861±19 (2cr) inheritance age 
Mount Swan Granite (89-551) 13 1713±7 crystallization age 
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ABSTRACT Geochemical and Sm-Nd isotopic results are reported for mafic amphibolites from the 
Alice Springs area, southern Arunta Inlier, central Australia. The data, combined with those previously 
reported from the SE margin of the Arunta Inlier, provide important constraints on the tectonic settings 
and crustal evolution of the region during the Early Proterozoic. 
Based on geochemical and Nd isotopic signatures, two suites of amphibolites (Groups 1 and 2) 
are recognised. Group 1 rocks are characterised by flat to LREE-depleted patterns and high eNdCT) values 
of +4.2 to +5.1 (T = 1770 Ma), whilst Group 2 rocks show LREE-enriched patterns and low £Nd(T) 
values of -1.0 to -2.8. Both groups are depleted in HFS elements and selectively enriched in LIL 
elements and fall broadly in the island-arc basalt fields on a number of discrimination diagrams. 
The geochemical and Nd isotopic features are consistent with the magmatic precursors of the 
amphibolites being derived by 20-30% partial melting of a mantle wedge variably metasomatised by 
enriched subduction component in an island-arc or/and back arc basin regime. Partial melting of the 
wedge metasomatised by LIL-enriched slab fluids is considered to be responsible for the generation of the 
Group 1 amphibolites. Partial melting of the wedge metasomatised by LIL- and LREE-enriched slab melt 
is proposed for the origin of the LREE-enriched Group 2 amphibolites. Model calculation suggests that 
about 1-2% LREE-enriched slab component entering the mantle wedge source region would be capable of 
producing the REE and Nd isotopic signatures observed in the Group 2 rocks. Geochemical and Nd 
isotopic features of the Group 2 rocks suggest they or other similar mafic rocks are probably the best 
candidate for the source of the Proterozoic granites in the region. 
This study, combined with a number of earlier geochemical investigations in the region, 
indicates that the Arunta Inlier, at least its southeastern margin, probably represented an island arc I back-
arc basin system in the Early Proterozoic, possibly analogous to the Proterozoic belts in the southwestern 
United States. 
INTRODUCTION 
Debate has centred around the tectonic style and crustal evolution during the Proterozoic. Crustal 
growth via lateral accretion of island arc regimes in a manner similar to Phanerozoic plate tectonics has 
been proposed for crustal evolution of many Proterozoic mobile zones in the Northern Hemisphere (e.g. 
Hoffman, 1980, 1988; Condie, 1982; Park, 1985; Lewry, 1981). In this region, combined structural, 
geochemical and isotopic investigations have played _a fundamental role in establishing a framework for 
Proterozoic crustal evolution (e.g. Hoffman, 1988; Patchett & Arndt, 1986; Condie, 1986). However, a 
different interpretation has been adopted in study of the Proterozoic crustal evolution in central Australia 
(Etheridge et al., 1987; Wybom, 1988). These authors drew attention to the analogy between the 
Proterozoic mobile zones and modem ensialic rift zones and proposed a distinctive ensialic rifting model, 
in which small-scale mantle convection initiated crustal extension and mafic underplating and volcanism 
within preexisting continental crust where oceanic basins were short-lived and subduction insignificant 
The later stages of the ensialic tectonics were characterised by gravitational instability-induced mantle 
delamination and A-subduction (Kroner, 1983), compressive orogeny and partial melting of the underplate 
leading to widespread emplacement of a geochemically uniform and distinctive granitic association. 
Whilst this model is widely advocated, some of the basic assumptions are yet to be fully evaluated. For 
instance, the ensialic model was established largely on the basis of regional studies of the widespread 
1850-1880 Ma orogenic granitoids which have distinctive and relatively uniform geochemistry. Mafic 
rocks, which potentially provide more direct constraints on the nature of the sources of the granites, have 
not been examined in detail. For example no geochemical and isotopic comparisons has been made 
between mafic volcanics erupted in the Proterozoic mobile zones and those in modem ensialic rift zones. 
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Based on studies of both granitoids and mafic rocks occurring in the Proterozoic terrains in 
central Australia, alternate subduction-related models have been proposed by a number of authors in the 
region (e.g. Sivell, 1988; Faden et al., 1988; Zhao and Cooper, 1992). For instance, Na-rich granitoids 
and calcalkaline rocks analogous to calcalkaline intrusions typical of modem continental margins and 
tholeiites with chemistry resembling those occurring in modem island arc or back-arc basin settings have 
been reported in the region (e.g. Faden et al., 1988; Sivell, 1988; Ogasawara, 1988; Zhao and Cooper, 
1992). These findings cannot be accounted for by Etheridge-Wyborn's ensialic tectonic models (e.g. 
Etheridge et al., 1987; Wyborn, 1988). 
This paper presents the results of a relatively detailed geochemical and isotopic study of mafic 
arnphibolites in the Alice Springs region, southern Arunta Inlier, central Australia, which provide further 
evidence for the existence of island arc-back arc basin systems in the early Proterozoic. 
GEOLOGICAL SETTINGS 
The Arunta Inlier is an early-mid Proterozoic mobile zone located on the southern margin of the 
Early Proterozoic Northern Australian Orogenic Province and is separated from the Middle Proterozoic 
Central Australian Orogenic Province by the Late Proterozoic to Palaeozoic Amadeus Basin (Plumb, 
1979; Shaw and Black, 1991). The two orogenic provinces display markedly different crustal formation 
and evolution histories (e.g. McCulloch, 1987). 
On the basis of lithological, deformational, metamorphic and magmatic correlations, the 
supracrustal sequence of the Arunta Inlier was divided into three broad stratigraphic groups, namely 
Divisions 1, 2 and 3, Division 1 being the oldest and Division 3 the youngest (Stewart et al., 1984). 
Division 1 consists of mafic and felsic metavolcanics and minor immature metapelites metamorphosed to 
granulite facies. Division 2 is dominated by immature metasediments of turbiditic origin which are 
extensively intruded by deformed granites. Division 3 comprises platformal metasediments such as shale, 
carbonate and quartzite that overlie the older Divisions unconformably. However, recent systematic U-Pb 
zircon age investigations (Black & Shaw, 1992; Zhao and Bennett, 1992) suggest the division concept 
may not be chronologically significant. 
Tectonically, the Arunta Inlier was also divided into three tectonic provinces (Northern, Central 
and southern), with contrasting lithological, stratigraphic, metamorphic and deformational histories, 
which are separated in parts by major deformed zones. The Redbank Deformed Zone, which separates the 
dominantly amphibolitic Southern Province from the granulitic Central Province, was considered to be a 
thick-skinned thrust zone cutting through the crust into mantle depths at a dipping angle of 45° to the 
north, resulting in the Moho beneath the Southern Province being 20 km deeper than that beneath the 
Central Province (Goleby et al., 1989; Shaw & Black, 1991). Shaw et al. (1984) proposed that the 
tectonic evolution in the Arunta Inlier occurred within a preexisting, presumably Archean continental 
crust and resulted from six cycles of crustal extension and compression started before 1800 Ma and ended 
during the 400-300 Ma Alice Springs Orogeny. A long-lasting elongate mantle plume acting along zones 
of crustal weakness was proposed to have facilitated the repeated ensialic tectonics. 
This study focuses on mafic amphibolites occurring to the northeast of Alice Springs (Fig. 1). 
This area is occupied by dominantly Division 2 rocks which are intruded by syntectonic granitoids. The 
area was separated to the north from the Central Province by the root of the Palaeozoic Arltunga Nappe 
Complex and to the south from the Late Proterozoic to Late Palaeozoic Amadeus Basin sediments. 
Detailed geological relationships were presented in the 1 :250,000 and 1: 100,000 scale Alice Springs 
Sheet geological maps. 
Shaw and Wells (1983) divided the 1:250,000 Alice Springs Sheet into a number of fault-
bounded blocks and the amphibolites in this study occur in the Alice Springs and Wigley Blocks. The 
boundary between the two blocks is the Charles River Fault and its easterly extension. In the Wigley 
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Block, Division 2 consists of layered gneisses and amphibolites. The gneisses are quartzofeldspathic and 
typically of granitic to granodioritic compositions, with metasediment being uncommon and individual 
layers being about several tens of metres thick, showing fairly uniform compositions. A tonalitic sample 
from the quartzofeldspathic Randall Peak metamorphics yields a U-Pb zircon age of 1771±9 Ma (Zhao and 
Bennett, 1992). The amphibolites occur as thick concordant layers, lenses and pods and most being 
considered as orthoamphibolites. Such rock assemblages suggest the sequence may be mainly 
volcanic/subvolcanic and/or volcanoclastic in origin and probably in part intruded by syntectonic granites. 
Therefore, the 1771±9 Ma zircon age defined by the intrusive tonalitic gneiss of the Randall Peak 
Metamorphics probably constrains the minimum age of the precursors of the amphibolites. Parts of the 
Division 2 in the Alice Springs Block consist of rock assemblages essentially similar to those in the 
Wigley block to the north. The Hayes Metamorphic Complex near Alice Springs City, however, differs 
from the other Division 2 rocks in containing dominantly metasedimentary assemblages in addition to 
small amounts of amphibolites. Overall, both blocks were intruded from north to south, by syntectonic 
granites, such as the Jennings Granitic Gneiss, the Old Hamilton Downs Gneiss, the Jessie Gap Gneiss 
and the Alice Springs Granite. The Jessie Gap Gneiss and the Alice Springs Granite yield U-Pb zircon 
ages of of 1747±9 and 1751±12 Ma, respectively (Zhao and Bennett, 1992). 
Field investigations combined with geochemical evidence suggest that the amphibolites in this 
area can be divided into at least two groups, with Group 1 occurring mainly in the southern part 
(dominantly the Alice Springs Block ), and Group 2 mainly in the northern part (mainly the Wigley 
Block). They were previously mapped using a variety of mappable units such as the Whistleduck Dyke 
Swarm (Pgw), the metagabbroic Pgb, amphibolitic a. with most being assigned to individual 
metamorphic complexes (e.g. Randall Peak Metamorphics, Charles Rive Gneiss, Hayes Metamorphic 
Complex, and the undifferentiated PC). 
The Group 1 amphibolites form small discrete layers, lenses, dyke-like bodies and pods 
coexisting with the granitic gneisses (e.g. Jessie Gap Gneiss and Alice Springs Granite) as well as other 
metamorphic assemblages. Some bodies are big enough to form mappable unit (e.g. Offe and Shaw, 
1983). Most of them are too small and intimately associated with the granites and therefore cannot be 
mapped out on any reasonably scaled geological maps. Field investigation suggests that the mafic 
amphibolites may make up to 5- 10% of the total area occupied by the granites. Three dimensional 
relationships are exposed in the Undoolya Quarry, which indicates that the amphibolite bodies are 
intensively smeared _alo~g thrust zones, multiply folded, wrapped up and entangled with the granites. 
Both the granites and the amphibolites have been deformed and metamorphosed during the Chewings 
Phase (D2) of the Aileron Event dated at 1586±69 Ma (Offe and Shaw, 1983). Although the age 
relationship is not clear in the field, the precursor of amphibolites may be initially volcanics or sills 
interlayered with flysch sediments which were then intruded by syntectonic granites and folded during 
subsequent tectonic events. Petrographically the Group 1 amphibolites are of medium grainsize, 
consisting dominantly of blue amphibole and plagioclase with a few relict clinopyroxene grains. Sphene 
and exclusive quartz are also common. Most of the samples collected are foliated. 
The Group 2 amphibolites to the north are associated with the dominantly quartzofeldpathic and 
biotite gneisses, being mapped either as independent mappable units, such as Pgb and Pgw (Whistleduck 
Dyke Swarm), or assigned to the metamorphic complexes. However, our field observations indicate that 
the Whistleduck Dyke Swarm, which was deduced mainly from airphoto interpretations (e.g. Offe and 
Shaw, 1983), may not be present in most parts. The existing parts are more likely to represent volcanic 
layers being stacked by thrust zones. The Group 2 amphibolites occur in two forms, either as dyke-like 
layers or lenses interlayered with quartzofeldspathic and biotite gneisses, or as massive stocks, plugs or 
sills probably intruding the gneisses. The sill-like intrusions show obvious fractionation, with 
pyroxenite cumulates and dioritic derivates being interlayered. The cumulates are coarse-grained, 
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consisting of clinopyroxene (altered to amphibole) and plagioclase. Strongly differentiated rocks form 
ferrogabbros, consisting of Fe-Ti-V oxides such as magnetite and ilmenite. 
SAMPLE SELECTION AND ANALYTICAL PROCEDURES 
Overall 25 samples from the Early Proterozoic amphibolitic suites in the Alice Springs region 
were analysed for major and trace elements using X-ray fluorescence in the Bureau of Mineral Resources 
(BMR). Major elements were determined on fused discs and trace elements using pressed powder tablets. 
Selected samples were analysed for REE and Sm-Nd isotopes using the isotope dilution method at the 
Australian National University (ANU) and the analytical procedures were described in Zhao et al. (1992). 
Two samples were chosen for more precise trace element determination using the Spark Source 
Spectrometer at the ANU. Sample powders used for spark source analyses were prepared using an agate 
mortar, whilst the others were prepared using a tungsten carbide mill. 
XRF analyses are presented in Table 1, REE and Sm-Nd isotopic data obtained by isotope 
dilution given in Table 2, and spark source data listed in Table 3. 
RESULTS 
Two distinctive groups, 1 and 2, are readily identifiable from the geochemical and isotopic 
features. Key geochemical indicators, such as Ti02, Ti/Zr, also allow two geochemical subgroups, A and 
B, to be recognised within Group 2. 
Major elements 
Overall, all the samples analysed have uniformly low Ti02 (0.3-1.5%) and P205 (<0.3%), 
which are similar to many Proterozoic low-Ti tholeiites found in many other Proterozoic mobile zones 
(e.g. Halden, 1991; Geringer et al., 1986; Condie, 1986; Pharaoh & Pearce, 1984; Bergh & Torske, 
1988; Pharaoh & Brewer, 1990). 
The Group 1 samples show relatively limited variations in MgO and FeO*, whilst these 
variations are much larger in the Group 2 rocks (Table 1). One Group 2 sample (No. 14) has the highest 
MgO (13.5%) together with the highest Cr (995 ppm) and Ni (536 ppm), consistent with a cumulate 
origin. Four other samples of the Group 2 (Nos. 20-22), on the other hand, contain much higher Fe203, 
total FeO, Ti02, V and lower MgO, Cr, and Ni, resembling highly fractionated ferrogabbros in the Harts 
Range suites (Sivell, 1988), which are consistent with accumulation of ferrous pyroxene and Fe-Ti oxides 
in a highly fractionated tholeiitic magma. 
Variations in CaO contents of mafic rocks are considered to be dependent upon the relative 
amounts of clinopyroxene and olivine being fractionated. Halden (1991) used Al203 and Ti02 as 
measures of evolution history of metavolcanics in the Circum-Superior Belt. The data in this study are 
plotted in the MgO/CaO vs. Al203 and Ti02 variation diagrams (Fig. 2). They show limited variation 
in MgO/CaO and relatively large variations in Al20J and Ti02, consistent with dominant clinopyroxene 
fractionation, in contrast with the dominant olivine fractionation trends displayed by the Circum-Superior 
Belt rocks in Halden (1991). In addition, a decrease in CaO/A1203 ratios with decreasing MgO in both 
groups of amphibolites is also consistent with dominant clinopyroxene fractionation. 
Sun et al. (1979) argued that Al203/Ti02 and CaO/Ti02 ratios in MORB vary with the degree 
of partial melting and the nature of the source region being melted. Fig. 3 shows the data of this study on 
the Al203/Ti02 and CaO/TiOi vs. TiOi plots. In each plot, the Group 1 data display a limited variation 
comparable with the MORB field of Sun et al. (1979), with the highest Al203/Ti02 and CaO/Ti02 
ratios approximating the condritic values of20 and 17, respectively. The Group 2 rocks, on the other 
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hand, show much larger variations, with Group 2A samples having the highest CaO{fi02 and 
Al203ffiOz, further exceeding the MORB field. The features of Group 2A rocks could be due to variable 
amounts of plagioclase and/or clinopyroxene accumulation, rather than being derived from larger degrees 
of partial melting from a more depleted source. 
Trace elements 
Trace element variations provide a means of comparing rocks of different suites and tectonic 
discrimination of the rocks (e.g. Winchester and Floyd, 1976;Pearce and Norry, 1979; Pearce, 1982). The 
large ion lithophile (LIL) elements are normally mobile during metamorphism and alteration and may 
provide some uncertainty or ambiguity. However, more success has been achieved in using the high field 
strength (HFS) elements (Zr, Ti, Nb, Y) and rare earth elements (REE) which are generally immobile 
during weathering, hydrothermal alteration and green schist to lower amphibolite metamorphism (Pearce 
and Norry, 1979; Pearce and Cann, 1973; Winchester and Floyd, 1976; Pearce, 1982). 
Interpretation of tectonic settings of Proterozoic rocks using trace element geochemistry 
inevitably encounter many difficulties. Apart from the effects of alteration and metamorphism on mobile 
elements as well as fractionation and crustal contamination on uace element patterns , the applicability of 
many discrimination diagrams with fields based on Phanerozoic rocks is also controversial. Pharaoh and 
Pearce (1984) have discussed this problem and pointed out the field boundaries defined by modem volcanic 
rocks must be considered merely as a reference framework. However, they also indicated that inter-
element ratios for many immobile incompatible elements such as Zr, Ti, Nb and Y do not change 
significantly with degrees of partial melting or crystal fractionation (unless phases rich in these elements 
are involved), neither are they assumed to have changed with crustal growth over the past 2.0 Ga (Sun and 
Nesbitt, 1977; Pearce and Norry, 1979). Following this argument, there is little reason to believe that 
the discriminant boundaries in each discrimination diagram differ much for Proterozoic rocks. 
Ti and Nb!Y vs. Zr!P diagrams: Both Groups 1 and 2 amphibolites fall into the tholeiitic fields on the 
Zr/P vs. Ti and Nb/Y discrimination diagrams (Fig. 4) of Winchester and Floyd (1976). Again the Group 
1 samples display uniform characteristics, whilst much larger scatters are observed in the Group 2 rocks. 
Notably the Group 2A rocks stand out distinctively by having lower TiOz and higher Zr/P. 
It is worthwhile to note that a tholeiitic trend is also clearly shown in the AFM plot (not 
illustrated), although the alkali elements (Kand Na) are susceptible to mobility. 
Ti-Zr, Y-Cr, Ti-V, and Zr-Zr!Y diagrams: The discrimination diagrams on immobile trace elements 
have been widely used to discriminate arc-type basalts from those in other tectonic settings. A consistent 
conclusion can be reached by plotting the Arunta amphibolites in this study using these diagrams. 
On the Zr-Ti discrimination diagram of Pearce (1982), the vast majority of the data fall into the 
island-arc field and straddle the MORB field and are distinctive from the with-in-plate basalts (Fig. SA). 
It is interesting to note that Ti{Zr ratios are distinctive among the Groups 1, 2B, 2A rocks, which are 
120, 80, SO, respectively. Unless Zr, Ti-bearing minerals are involved, the difference in Zr{fi ratios 
cannot be explained satisfactorily in terms of crystal fractionation. This feature will be discussed in detail 
later on. 
On the Y-Cr discrimination diagram of Pearce ( 1982), all the data again straddle the island-arc 
basalt and MORB fields, consistent with arc-basin-type tectonic settings (Fig. SB). The locations of the 
data are consistent with 20-30% partial melting of the mantle source. Some Group 2 samples plot above 
the mantle melting line, consistent with a cumulate origin. 
On the Zr vs. Zr/Y discrimination diagram of Pearce and Norry (1979), all the Group 1 samples 
fall into the island-arc tholeiite and lower part of the MORB fields, whilst the Group 2 samples have 
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obviously higher Zr/Y ratios and fall into and above the island-arc tholeiite field (Fig. SC). Overall, the 
two groups of samples plot on both sides of boundary between continental and oceanic arc basalts of 
Pearce (1982), respectively. 
The Ti/V ratio is a function of the oxygen fugacity of the magma and its source, the degree of 
partial melting and fractional crystallization and therefore is considered to be diagnostic for the tectonic 
setting (Shervais, 1982). Lavas from the recent island arcs have TiN ratios close to those of chondrites, 
< 20, whilst MORB and within-plate basalts have TiN ratios ranging from 20 to >SO. Back-arc basin 
basalts are found to have both island-arc-like and MORB-like features (Shervais, 1982). As shown in Fig. 
SD, all the Arunta samples in this study have Ti/V ratios in the range of 10-20, with an average of -lS, 
consistent with island-arc tholeiites and basalts forming in initial back-arc basins. It is also noted that 
significant crystal fractionation and accumulation as demonstrated above for the Group 2 rocks do not 
affect the TiN ratios, suggesting Ti and V behave quite similarly during most of magma differentiation 
history. 
In summary, the Arunta amphibolites in this study shows clear arc-type affinities on a variety 
of discrimination diagrams, suggesting an island-arc, back-arc basin tectonic environment for their origin. 
MORE-normalized spiderdiagrams: MORE-normalized spiderdiagrams provide an alternate means for 
comparing the Proterozoic rocks with modern samples from different tectonic environments (Pearce, 
1982; Pharaoh and Pearce, 1984). Most elements represented in the diagrams have low bulk-distribution 
coefficients between basaltic magma and crystallizing olivine, clinopyroxene and plagioclase and thus the 
basic pattern of the elements will not change as fractional crystallization proceeds (Pearce, 1982). 
Basalts forming in island-arc or back-arc basin settings exhibit patterns which are characterised 
by strong enrichment in Sr, K, Rb, Ba, Th and/or LREE and typical depletion in Zr, Hf, Ti, Nb, Y and 
HREE, whilst within-plate basalts typically display a "humped" pattern in which most elements except 
those compatible with garnet lherzolite (e.g. Y, Yb) are enriched relative to N-MORB (Pearce, 1982). 
Among the arc-type rocks, the low-K oceanic arc tholeiites and those forming in back-arc basins are also 
significantly different from those high-K suites forming in both continental margin and evolved oceanic 
arc environments (Fig. 6). The former are only slightly enriched in LIL (Sr, K, Rb, Ba, Th) and 
occasionally LREE elements and depleted in most of the other elements, whilst the latter are also 
typically enriched in LREE in addition to LIL elements. The difference between the low-Kand high-K 
suites is interpreted in terms of different types of slab components being incorporated into the mantle 
wedge source region of the arc basalts (e.g. Pearce, 1983; S. Eggins, pers. comm.), the former being 
caused by transport of LIL-rich aqueous fluids from the subduction zone into the mantle wedge, whilst the 
latter being due to a siliceous melt phase '(enriched in both LIL, Th ,U and LREE) , derived in part or in 
total from subduction sediments, entering the overlying mantle wedge. Superimposition of slab 
components on the mantle wedge during initial back-arc spreading is considered to be responsible for the 
arc-type signatures in the back-arc basalts (Saunders and Tamey, 1979). 
Fig. 7 shows the spiderdiagrams for the two types of amphibolites in this study. The mean 
values of each suite are plotted in Fig. 6 for comparison with arc-type rocks. It can be seen that the Group 
1 rocks show variable enrichment in Sr, K, Rb, Ba, Th and constant depletion in HFS and REE elements, 
remarkably similar to patterns of the oceanic arc tholeiites and the lower range of the back-arc basin 
tholeiites. The Group 2 rocks show enrichment in both LIL and LREE elements, and variable depletion 
in HF'S and HREE elements, to some degree resembling the lower range of the continental and evolved 
oceanic arc basalts of Condie (1986). Patterns of both groups are distinctive from those of the HFS-
enriched within-plate basalts (Pearce, 1982). It must be noted that the LIL elements are susceptible to 
remobilization during alteration and metamorphism and their implications for tectonic settings may not 
be reliable. However, the arc-type signatures are still clearly reflected by the patterns of the immobile 
HF'S and REE elements. 
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REE patterns: REE patterns of the Arunta amphibolites are presented in Fig. 8. With the exception of 
sample 91-521, all the other samples of Group 1 amphibolite show LREE-depleted, concave-up, patterns 
with LaNIYbN -1, resembling those of the N-type MORB, and low-K tholeiites in oceanic arc and back-
arc basin settings (e.g. Sun et al., 1979; Saunders and Tamey, 1979). Sample 91-521 has a HREE 
pattern similar to the other samples, but is LREE-enriched CLaNIYbN =2), probably as a result of crustal 
contamination. Group 2 samples display clear LREE-enriched patterns, with LaNIYbN ratios of 4.2 - 8.3, 
significantly higher than those of Group 1 rocks. Sample 91-529 has the highest LaN/YbN ratio. Its 
slight positive Eu anomaly is consistent with plagioclase accumulation. The other two samples have 
parallel REE patterns with a slight negative Eu anomaly, consistent with crystal fractionation. Patterns 
of all the three samples are similar to the Atnarpa calcalkaline rocks and the Entia massive amphibolites, 
both of which have been argued for continental margin settings (Zhao and Cooper, 1992; Sivell and 
Foden, 1988). 
Sm-Nd isotopes 
Sm-Nd isotopic data for six Group 1 samples and three Group 2 samples are presented in Table 
2. With the exception of sample 89-521, the other five Group 1 samples have uniform 147sm;144Nd 
ratios of 0.1973 - 0.2117, and ENd(T) values of +4.2 to +5.1. They plot just around the depleted mantle 
evolution trajectory in the ENd vs. Time diagram (Fig. 9), implying derivation from a depleted mantle 
source. The ENd(T) values are within the range for the Harts Range upper amphibolites (Sivell & 
McCulloch, 1991) and many other mafic volcanics in the Northern Hemisphere Proterozoic belts (e.g. 
Patchett & Arndt, 1986). Sample 89-521 has a significantly lower 147sm;144Nd ratio of 0.1780 and 
ENd(T) value of +0.2. The Group 2 samples have significantly lower 147 Sm/144Nd ratios (0.1111 -
0.1457) and ENd(T) values (-1.0 to -2.8). It is interesting to note that the Group IA sample 91-529, 
which has the lowest 147sm;144Nd ratio, shows a higher ENd(T) value (-1.0). The values of the Group 
2 rocks are within the range of the anorthosite of the Harts Range Meta-igneous complex (Sivell and 
McCulloch, 1991) and typical Arunta granites (Zhao et al., in prep.). These values are also similar to 
those of the 1.88 Ga subduction-related calcalkaline mafics of the Atnarpa Igneous Complex to the east 
(Fig. 9; Zhao and Cooper, 1992). 
DISCUSSION 
Comparison with other Proterozoic mafic rocks 
The Group 1 rocks are analogous to the Outokumpa Assemblage, eastern Finland described by 
Pharaoh and Brewer (1990) and Park (1988) in having similar MORB-normalized spiderdiagrams. Both 
suites show strong enrichment in LIL (including Th) and relatively low contents of HFS. Pharaoh and 
Brewer (1990) argued that the Finland suites were derived from a more depleted mantle source (than 
MORB), comparable to that of Phanerozoic island arc or back-arc basin tholeiites. By comparison, the 
Group 1 rocks are also analogous to the mafic volcanics in the Circum-Superior Belt in terms of trace 
element and REE patterns (Halden, 1991). Halden (1991) argued these volcanics were formed in a 
marginal basin environment. Note that two basaltic samples from Circum-Superior Belt have ENd (1.8 
Ga) = +4.9 to +5.3 (Chauvel et al., 1987), also suggesting derivation from a a depleted mantle source, 
similar to the Group 1 rocks in this study. In addition, the Group 1 rocks also resemble some of 1720-
1800 Ma mafic volcanics in Colorado and New Mexico (e.g. Robertson and Condie, 1986; Knoper and 
Condie, 1986) in showing flat to LREE-depleted patterns and relatively low ratios of Zr/Y (1.5-3) and 
Ti/V (10-20), typical of modem oceanic ridge, oceanic arc and back-arc basin basalts. 
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To some extent, the REE patterns of the Group 1 rocks are similar to those of the metatholeiites 
in the Harts Range Meta-igneous Complex described in Sivell (1988). However, the Harts Range rocks 
have significantly higher Zr/Nb, Zr, Ti, Y, consistent with derivation from a more refractory source (as 
indicated by higher Zr/Nb) and by relatively smaller degree partial melting (as indicated by higher Zr, Ti, 
Y). The refractory source of the Harts Range rocks is reflected by their ultradepleted Nd isotopic 
signatures, e.g. the lower amphibolites having ENd (1.76 Ga) as high as +8 (Sivell and McCulloch, 
1991). 
It is interesting to note that the Group 1 rocks are to some degrees similar to some of the mafic 
granulites in the Strangways Range, central Arunta Province (Windrim, 1983; Windrim and McCulloch, 
1986). In this area, some mafic granulites show flat REE patterns, HFS depletion and high Zr/Nb ratios 
(-40), strongly resembling those of the Group 1. Recently Black and Shaw (1992) reported a precise U-
Pb zircon age of 1761±2 Ma for a tonalitic granulites interfingered with the mafic granulites and therefore 
the precursors of the mafic granulites could have been formed at about the same time. If taking 1760 Ma 
as the precursor age of the mafic granulite, the recalculated ENd(T) values for the least contaminated rocks 
are about +4, suggesting a depleted mantle source similar to that of the Group 1 rocks. According to 
Windrim (1983), the rock assemblages in the Strangways area are similar to those of the Alice Springs 
area as well, indicating they may be parts of the same tectonostratigraphic regime. The only difference 
between the two regions is metamorphic grade. 
By comparison, the Group 2 rocks show great similarity to the 1800-1650 Ma, LREE-enriche,d 
mafic volcanics in southwestern United States as summarised by Condie (1986). Notably both are 
characteristic of enrichment in LIL and LREE and Nb, Ti negative anomalies. Condie (1986) argued that 
the characteristic depletion in HFS elements combined with the lack of humped enrichment spiderdiagrarn 
patterns is typical of volcanics from island-arc systems. In addition, the spiderdiagram patterns of the 
Group 2 rocks (Fig. 7) are also remarkably similar to those of the Entia massive amphibolites in the 
Harts Range described by Si veil and Foden (1988). Both suites also have negative ENct(T) values (Si veil, 
pers. comm.), which are distinctively different from the LREE-depleted suites in both regions. Si veil and 
Faden (1988) also argued that the Entia massive amphibolites were formed in an arc-type environment. 
Magma genesis of the amphibolites 
Group 1. Geochemical and Nd isotopic signatures of the Group 1 rocks, such as LREE-depleted pattern, 
and uniformly high positive ENct(T) clearly indicate that their parental magma was derived from a depleted 
mantle source without significant crustal contamination. 
Depletion in REE and HFS relative to average MORB can be attributed to either larger degree 
partial melting of a MORB-type source, or partial melting of a source more refractory than the MORB-
type source, in which the HFS and REE have been depleted during a previous melting event. 
Zr/Nb ratios can be used to distinguish the two alternative processes. As tholeiites are 
considered to be generated by relatively large degrees of partial melting (Jagues and Green, 1980), 
incompatible element ratios such as Zr/Nb in these tholeiites are believed to approach those in their 
sources. In this case, a variation in the Zr/Nb ratio is considered to be related to the degree of source 
depletion. Typical N-type MORBs have Zr/Nb ratios around 40-50, which are significantly higher than 
the chondritic value of 16 to 18 (Erlank and Kable, 1976), suggesting the N-type MORBs are derived 
from an incompatible element depleted mantle source. Oceanic island tholeiites have Zr/Nb ratios which 
are normally lower than the chondritic value, suggesting they are derived from an incompatible element 
enriched source. Nb abundances in the Group 1 amphibolites are close to the detection limit for the XRF. 
For this reason, two samples (89-501 and 89-509) were analysed using the spark source spectrometer at 
the ANU. The Nb abundances obtained by the spark source method are 1.78 and 1.33 ppm, respectively, 
both below the normal 2 ppm detection limit of the XRF spectrometer. The Zr/Nb ratios for the two 
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samples obtained by the spark source method are both -28, which are slightly higher than the chondritic 
value of 16-18, indicating a relatively depleted source. However, these values are still lower than those of 
the typical N-type MORB (40-50) (Erlank and Kable, 1976; Sun et al., 1979), indicating that the mantle 
source of the Group 1 rocks is slightly enriched relative to modem MORB sources. Based on these 
arguments, larger degree partial melting of a MORB-like source is preferred for the petrogenesis of the 
Group 1 rocks. 
The origin of the southern Arunta mafic amphibolites can be further characterised using Zr-Ni 
relations proposed by Rajamani et al. (1985). As shown in Fig. 10, the Group 1 rocks are consistent 
with 20-30% partial melting, depending on the P-T conditions, of a lherzolite source consisting of 11 
ppm Zr and 2000 ppm Ni, followed by variable amounts of olivine fractionation in depth. If plagioclase 
and clinopyroxene join olivine as crystallization phase during later stage at shallower levels, there would 
be a greater increase in Zr relative to Ni, suggesting 20-30% partial melting is probably a minimum 
constraint. 
The variable enrichment in LIL elements as displayed by the Group 1 rocks is difficult to 
interpret. The large variations in the abundances of these elements cannot be explained in terms of crystal 
fractionation. The ranges of Rb (7-124 ppm), Ba (<4 - 441 ppm) and (Sr 89-229 ppm) require the degrees 
of fractionation greatly exceeding that required by the variation in Zr (31-56 ppm). The random variations 
among Rb,Sr, Ba and Kare also inconsistent with crystal fractionation. On the other hand, the apparent 
decoupling between LIL and HFS elements cannot be achieved by wholesale crustal assimilation. Indeed, 
the depleted LREE patterns and high positive initial £Nd values preclude any significant crustal 
contamination in the petrogenesis of the Group 1 rocks. 
Two other alternate processes are considered viable for the apparent decoupling between LIL and 
HFS elements. The first possibility is selective introduction of LIL elements during amphibolite 
metamorphism. Since the amphibolites are intimately associated and entangled with a LIL-rich felsic 
assemblage, fluid-rock interaction during amphibolite metamorphism would cause a transfer of the mobile 
LIL elements from the felsic rocks into the mafic amphibolites. During this process, the signature of 
immobile elements (REE and HFS) in the mafic rocks remain intact, and therefore an apparent LIL/HFS 
decoupling results. The second possibility is that the enrichment of these elements was superimposed 
onto the mantle source through subduction process. A fluid phase rich in LIL elements derived from the 
slab entering the mantle wedge would have significant influence on the LIL abundances of the partial 
melts without visible effects on other immobile elements. Both possibilities can explain the selected 
enrichment in LIL elements and it is likely both processes may have affected the Group l rocks. 
Group 2: Like the Group 1 rocks, low HFS element abundances in the Group 2 rocks are also consistent 
with large degrees of partial melting (20-30%) for their petrogenesis. This is clearly indicated by the 
location of the Group 2 plots in Zr-Ni diagram (Fig. 10). The relatively large scattering in the diagram 
suggest high degrees of modification by fractionation processes. 
Unless Ti, Zr-bearing minerals are involved, the two elements are expected to behave 
incompatibly during crystal fractionation. Therefore Ti(Zr ratios can be used to indicate their source 
signatures as well as to assess crustal contamination in mantle-derived magmas, even if the rocks analysed 
have suffered certain degrees of fractionation or consist of certain amounts of crystal accumulation. This 
case also applies to Zr/Y, Zr/Nb, Y /Nb and Ti/Y ratios. As described before, the Group 2 rocks are 
clearly different from the Group 1 rocks in terms of REE patterns, Ti(Zr, Zr(Y ratios and Nd isotopic 
compositions. These differences rule out the possibility that the two groups of rocks are related through 
crystal fractionation. It is possible that Ti depletion can be caused by fractionation of ilmenite. 
However, apart from one sample (91-534), coherent variations between Zr and Ti ratios are observed in 
each group of samples, which would not be expected if ilmenite fractionation was involved. Sample 91-
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534 has significantly higher V, Ti, Fe abundances, which is consistent with the presence of V, Ti, Fe-
bearing opaque minerals such as magnetite and ilmenite in thin section. 
Although LREE-enriched patterns, lower Ti/Zr ratios and low ENd(T) values as displayed by the 
Group 2 rocks are consistent with crustal contamination, several lines of evidence preclude this being the 
dominant process for the petrogenesis of the Group 2 rocks. (1). Ti/Zr ratios in granites and post-Archean 
shales are about 20 and 30, respectively whilst in Group l rocks, -120. Therefore 40-70% granite- or 
shale-like contaminants would be required to reduce Ti/Zr ratios from 120 to 80-50, which is obviously 
unrealistic. Although contamination by granitic material can result in an increase in Zr/Y ratios, this 
will also lead to significant enrichment in Zr relative to Group 1 rocks, which is not observed. (2). As 
shown in Fig. SD, both Groups 1 and 2 rocks have identical Ti/V ratios of 10-20, which are significantly 
lower than those of the coexisting granites (>50). Clearly in this case, there is no way to generate the 
Group 2 rocks by mixing between the parental magma of Group 1 rocks and upper crustal material. (3). 
The ENd(T) values at T = 1770 Ma for the coexisting granitic gneisses range from -1.5 to -4.7, similar to 
those of the Group 2 amphibolites. Therefore mixing between materials with such ENd(T) values and the 
Group 1 magma cannot produce the signatures observed in Group 2 rocks. 
However, the lower Ti, Y, Ti/Zr and higher Zr/Y than Group 1 rocks can be explained if the 
mantle source of the Group 2 rocks have been contaminated by siliceous melt derived from subducted 
slab, including the sediments. It is noticed that garnet has a high partition coefficient for Y, whilst rutile 
and ilmenite have high partition coefficients for Ti. Therefore, slab dehydration in the presence of garnet 
and rutile would produce a fluid/melt phase characterised by high Zr/Y (due to garnet), low Ti(Zr (due to 
rutile) ratios. The incorporation of such a slab component into mantle wedge will produce a 
metasomatised source suitable for the Group 2 rocks. 
Model calculation indicates that the REE and Nd isotope signatures of the Group 2 rocks can be 
reproduced by the above process. For instance, the Group 1 rocks contain on average 5 ppm Nd. If they 
were generated by 25% partial melting of lherzolite mantle source followed by 40% olivine fractionation 
(see Fig. 10), the Nd in source is expected to be 0.75 ppm assuming Nd is perfectly incompatible during 
partial melting and crystal fractionation. Also based on the Nd isotopic composition of the Group I 
rocks, the ENd(T) value (T= 1770 Ma) in the source should be about +5. On the other hand, consider REE 
in the slab component is dominated by Archean-aged subducted sediments characterised by Nd= 32 ppm 
and ENd(T) = -12, the values of the Post-Archean Australian Shale of McLennan and Taylor (1983) (Fig. 
9). Therefore, about 1.3-2.0% of the slab component entering the mantle source would be capable of 
reducing the ENd(T) value down to -1.0 to -2.8, the range of values observed in the Group 2 rocks. If the 
slab component is a partial melt, the Nd abundance could be higher than 32 ppm. In this case, the 
percentage of such a component required would be even lower. Such a small amount of slab component 
would not have any visible effects on the major element compositions of the mantle source, however 
would have severely changed the trace element patterns and isotopic signatures of the source. If 2% slab 
component entering the mantle source, the metasomatised source would consist of 1.4 ppm Nd. 
Therefore, 25% partial melting of such a metasomatised source followed by 30-60% crystal fractionation 
would be capable of producing a range of Nd abundances as observed in the Group 2 rocks. 
It is worthwhile to note that the slight geochemical difference between Groups 2A and 2B could 
also be related to slightly different mantle sources. Such differences are seen in Ti02 contents, Ti/Zr 
ratios, REE patterns and ENd(T) values, which would be difficult to be generated by means of crystal 
fractionation or crustal contamination. For example, one sample in Group 2A has the lowest Sm/Nd 
ratio but the highest ENd(T) value among the three Group 2 samples analysed. Neither crystal 
fractionation nor crustal contamination would be capable of producing such a trend. However, due to 
limited data available, the above argument remains speculative. 
In summary, the relatively low HFS elements in both groups of rocks suggest they were derived 
by large degrees of partial melting. Flat to LREE-depleted patterns and positive ENd(T) values displayed 
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by the Group 1 rocks indicate they were derived from a depleted mantle source. Selective enrichment in 
LIL elements are attributed to either fluid-rock interaction during amphibolite metamorphism or 
metasomatisation of the mantle source by slab-derived LIL-rich fluid, or both. Enrichment in both LIL 
and LREE elements combined with low £Nd(T) values shown by the Group 2 rocks are considered as due 
to metasomatisation of the same mantle source by slab-derived melt enriched in both LIL and LREE 
elements. 
Implications for Proterozoic crustal evolution 
Although the concept of plate tectonics has been successfully applied to the Proterozoic mobile 
zones in the Northern Hemisphere, a non-actualistic ensialic rifting model has been developed in 
explaining the tectonic style and crustal evolution during the early-mid Proterozoic in central Australia 
(Etheridge et al., 1987; Wybom, 1988). In this model, the tectonic evolution in central Australia started 
at around 2.2-2.0 Ga with ensialic rifting, mafic volcanism and underplating within preexisting, probably 
Archean crust as a result of small scale mantle convection. Subsequent heat loss after the output of the 
mafic magmas caused termination of convection, thermal subsidence of the stretched regions and 
gravitational instability-driven crust-mantle delamination and A-subduction. Such delamination provided 
driving force for compressional orogeny, partial melting of the underplated mafic layer and emplacement 
of widespread, geochemically uniform I-type granitoids termed the Barramundi Igneous Association. 
Although the above model provides a plausible explanation for a number of observations, 
especially the origin of the geochemically uniform Barramundi Association throughout central Australia, 
it confronts a number of problems. The most important ones are: (I). The presence of preexisting, 
presumably Archean basement as well as the geochemically uniform mafic underplate has not been 
proven. (2). The driving force for the crust-mantle delamination, which is crucial for the viability of the 
ensialic model, has been critically questioned by Ellis (1992) on the grounds that the buoyant lithosphere 
is incapable of sinking into the denser asthenosphere without additional driving force. (3). Although the 
ensialic model provides an alternate mechanism for the generation of Proterozoic continental crust, it 
fails to answer such questions as how the Proterozoic oceanic crust was consumed. Since oceanic crust 
must have existed during the Proterozoic but little has survived, there must have been some mechanisms 
which are responsible for its continuous consumption. In this case, the plate tectonics remains to be the 
most plausible mechanism. 
Another serious problem with the above ensialic model is that, although the advocates have 
drawn attention to the analogy between the Proterozoic mobile zones in central Australia and modem 
continental rift zones, no comparison has been made in terms of geochemical features of rift-related 
volcanics. For example, basalts erupting in modem ensialic rifting zones (e.g. Rio Grande and Ethiopian 
Rifts) are dominantly of alkali or transitional type (Wilson, 1989, for review), which are remarkably 
different from arc-type basalts in having strongly LREE-enriched patterns, highly enriched HFS element 
abundances, low Zr/Nb, La/Nb ratios and low £Nd values, suggesting low-degree partial melting of 
enriched mantle sources probably within garnet stability field. Some rocks may have positive Nb 
anomalies, resembling plume-related oceanic island basalts (Holm, 1985). Basalts with MORB-type 
signatures were only found to erupt when the rift has developed into a proto-oceanic basin (e.g. the Red 
Sea). Most importantly, no basalts with arc signatures have been been found in ensialic rift zones 
(excluding continental margin rift zones). Therefore, if the Proterozoic mobile zones were developed 
within a preexisting continental crust, and no oceanic crustal subduction has been involved, it would be 
expected that most of the volcanics found in such mobile zones should show strong geochemical affinities 
to within-plate basalts and few of them should display arc-type geochemical signatures. However, studies 
of many Proterozoic mobile zones provide contrary evidence. It is the arc signatures that dominate the 
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mafic volcanics in the Proterozoic mobile zones (e.g. Pharaoh and Brewer, 1990; Park, 1988; Halden, 
1991; Condie, 1986; Sivell, 1988). 
In fact, if the bimodality of volcanic rocks in the Proterozoic mobile zones is considered by 
advocates of the ensialic rifting models as being inconsistent with the concept of plate tectonics, the 
common occurrence of volcanics with arc-type geochemical signatures and rareness of those with within-
plate signatures would be more incompatible with the non-Uniformitarian ensialic rifting models. The 
Uniformitarian school has made attempts to explain the apparent absence or rareness in the Precambrian 
of "diagnostic" criteria for modern plate tectonics such as blueschists, ophiolites and calcalkaline suites in 
terms of secular changes in the cooling Earth (e.g. Hines, 1987; Ellis, 1992; Martin, 1986). However, 
it seems that no alternative models have been proposed by the non-Uniformitarian school to explain the 
ubiquitous arc-type geochemical signatures displayed by the mafic volcanics in Proterozoic mobile zones. 
Recently, regardless of the general dominance of non-Uniformitarian view toward Proterozoic 
tectonic evolution in central Australia, a number of studies have pointed to the transitional characteristics 
of the Arunta Inlier. Plumb (1979) and Shaw and Black (1991) indicated that the Arunta Inlier was 
located on the southern margin of the Northern Australian Orogenic Province and deformational, 
magmatic, metamorphic histories here are transitional between the older Northern Australian Orogenic 
Province and the younger Central Australian Orogenic Province. McCulloch (1987) has reviewed the Nd 
isotopic data available from Precambrian blocks in Australia and recognised significant difference in terms 
of crustal formation ages between the Northern and Central Australian Orogenic Provinces. Black and 
Shaw (1992) and Zhao and Bennett (1992) pointed out that main magmatic events in the Arunta Inlier are 
significantly younger than the 1850-1880 Ma Barramundi Orogeny being dominant to the north. All 
these features suggest that the Arunta Inlier was tectonically located on the southern margin of the 
Northern Australian Orogenic Province. 
Subduction related magmatism has been reported in the southeastern Arunta Inlier. e.g. Foden et 
al. (1988) argued that the Na-rich Entia Orthogneiss is analogous to Cordillera-type batholiths found in 
modem continental margins. Sivell and Foden (1988) and Sivell (1988) argued that the mafic rocks in the 
Entia Dome show geochemical affinities to arc-type basalts whilst the metatholeiites in the Harts Range 
meta-igneous complex are similar to MORB-type rocks forming in back-arc basin environments. All of 
them argued that the eastern Arunta Inlier is characteristic of island arc I back arc basin settings. In the 
Arltunga-Atnarpa region, Zhao and Cooper (1992) reported a number of subduction-related granitic suites, 
including a complete gabbro-diorite-tonalite-trondhjemite complex forming during two magmatic events, 
1870-1880 Ma and 1750 Ma. They synthesized available data and argued that the SE margin of the 
Arunta Inlier represents a subduction-related continental margin during early-mid Proterozoic. In addition, 
evidence for subduction in the Arunta Inlier during the Early Proterozoic was even recognised in the 1076 
± 33 Ma old post-orogenic Stuart Dyke Swarm (Zhao and McCulloch, 1992). These dykes show strong 
geochemical affinities to island-arc tholeiites and their whole-rock Sm-Nd isotopic data yield a well-
defined mantle isochron age of -1850 Ma with £Nd = -4, remarkably similar to those of the Atnarpa 
Igneous Complex (Zhao and Cooper, 1992; Fig. 9). Zhao and McCulloch (1992) argued that the Stuart 
Dyke Swarm was derived from the subcontinental lithosphere which has been modified by subduction-
zone processes in the Early Proterozoic. 
In this study, two types of mafic amphibolites are geochemically identified in the Alice Springs 
region, the southern Arunta Inlier. They both show clear geochemical affinities to basalts forming in 
island arc/back arc basin regimes and are distinct from those forming in ensialic rifting environments. 
The geochemical and Nd isotopic features are best explained if the mantle source was variably 
metasomatised by LIL-rich fluid or LIL- and LREE-rich melt derived from the subduction slab. This 
study therefore provides more evidence for subduction-related tectonics in the southern Arunta Inlier. In 
addition, the geochemical (such as Nb negative anomalies) and isotopic characteristics (e.g. low £NctCn 
values) displayed by the Group 2 amphibolites suggest they or other mafic rocks similar to them are 
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probably the best candidate for the source of the Proterozoic granites in the region. In this case, there is 
probably no need to propose a 2.1-2.3 Ga old rift-related mafic underplate for the generation of the 
granites. As discussed before, rift- or plume-related mafic underplate would not have the characteristic Nb 
negative anomalies required for production of the granites. This issue will be discussed in full detail in 
Zhao et al. (in prep.). 
Combining all the geochemical and isotopic data available from the Arunta Inlier (e.g. Sivell, 
1988; Foden et al., 1988; Sivell and McCulloch, 1991; Zhao and Cooper, 1992; Zhao and Bennett, 1992; 
McCulloch, 1987; Windrim, 1983; and this study), it is possible now to argue that at least the central 
and southern provinces of the Arunta Inlier were produced in an arc-basin system probably developed on 
the southern margin of the proposed 1880-1850 Ma crust to the north, which was formed during the 
Barramundi Orogeny. Major arc-type magmatism may have occurred about 1750-1770 Ma ago (Zhao and 
Bennett, 1992), more than 100 Ma younger than the Barramundi Orogeny, but is in age similar to that 
occurred in southwestern United States (Condie, 1986). However, the occurrence of the 1870-1880 Ma 
Atnarpa Igneous Complex with arc-type signatures suggest that the 1850-1880 Ma basement to the 
Arunta Inlier itself could be also located on a preexisting continental margin. 
CONCLUSION 
Two groups of amphibolites are recognised from the Alice springs area, southern Arunta Inlier, 
central Australia, based on geochemical and Nd isotopic signatures. The features of the amphibolites 
suggest their precursors were formed in a subduction-related tectonic environment. The parental magmas 
are considered to have been produced in response to dehydration of a descending slab and consequent 
melting of the mantle wedge variably metasomatised by the LILE- and/or HFS-enriched slab components. 
This study, combined with previous investigations, further suggests that subduction-related plate tectonics 
was probably in operation and was responsible for the crustal evolution of the Arunta Inlier during the 
Early Proterozoic, in contrast with the ensialic tectonic model of Etheridge et al. (1987) and Wyborn 
(1988). This study also suggests that Group 2 amphibolites or similar rocks are probably the best 
candidate for the source of the Proterozoic granites in the region. 
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Figure Captions: 
Fig. 1: Simplified geological map illustrating the geological relationships and distributions of the 
mafic amphibolites in the southern margin of the Anmta Inlier, central Australia. 1 - Amadeus Basin 
sequences, 2 - Group 1 amphibolite, 3 - Group 2 amphibolites, 4 - granites, granitoids, 5 - Division 
Two, 6 - Division One, RDZ - Redbank Deformed Zone, CRFZ - Charles River Fault Zone. 
Fig. 2: Ti02 and Al203 versus MgO/CaO diagrams. Arrows indicate fractionation vectors for olivine 
(ol) and clinopyroxene (cpx) used by Halden (1991). 
Fig. 3: CaO/Ti02 and Al203 /Ti02 versus Ti02 diagrams. The shaded area indicates MORB field 
described by Sun et al. (1979). Symbols as in Fig. 2. 
Fig. 4: Nb/Y and Ti02 versus Zr/P205 diagrams of Winchester and Floyd (1976). All the data fall 
into the tholeiitic field. Symbols as in Fig. 2. 
Fig. 5: A. Zr versus Ti discrimination diagram of Pearce (1982). B. Y versus Cr discrimination 
diagram of Pearce (1982). C. Zr versus Zr/Y discrimination diagram of Pearce and Norry (1979). D. Ti-
V discrimination diagram of Shervais (1982). The bulk of the data fall into the Island arc basalt field in 
all the above discrimination diagrams. IAB - island arc basalt, MORB- mid-ocean ridge basalt, WPB -
within plate basalt, !AT-island arc tholeiite, BAT - back-arc basin tholeiite. See text for discussion. 
Fig. 6: MORE-normalized incompatible element spiderdiagram of Pearce (1982) illustrating 
geochemical features of basalts forming in subduction-related environments. Normalising values after 
Pearce (1982). The averages of Groups 1 and 2 are also shown for comparison. Data after Pearce (1983), 
Saunders and Tamey (1979) and Condie (1986). 
Fig. 7: MORE-normalised incompatible element spiderdiagrams for samples of Groups 1 and 2 rocks. 
Also illustrated for comparison are averages of the Harts Range Low Amphibolite (HRLA) and Entia 
Massive Amphibolite (EMA) of Sivell (1988). Th, Nb, Ce, Zr, Hf, Sm, Y and Yb for samples 89-501 
and 89-509 are spark source data, whilst Sr, K, Rb, Ba, P, and Ti are XRF data. For the rest of the 
samples, Sr, K, Rb, Ba, P, Zr, Ti, and Y are XRF data, whilst Ce, Sm and Yb are isotope dilution data. 
Note that the Group 1 samples are depleted in HFS and REE elements and enriched in LIL elements 
relative to average MORB, whereas the Group 2 rocks are depleted in HREE and HFS elements and 
variably enriched in LREE and LIL elements. See text for discussion. 
Fig. 8: Chondrite-normalised REE diagrams for Groups 1 and 2 amphibolites. The data were measured 
by isotope dilution. 
Fig. 9: ENd versus age plot showing Nd isotopic results of the amphibolites in this study and 
comparison with mafic rocks from other Proterozoic belts in the world. NC - northern Canada (Patchett 
& Arndt, 1986; Lucas et al., 1992; Chauvel et al., 1987), SW - Sweden (Patchett & Arndt, 1986), Sask -
Saskatchewan (Patchett & Arndt, 1986), SGr - southern Greenland (Patchett & Arndt, 1986), CG - central 
Gren ville province (Dickin & Higgins, 1992), SF - southern Finland (Patchett & Kouvo, 1986), FG -
French Guiana (Gruau et al., 1985); FRC - Front Range, Colorado (DePaolo, 1981), RM - Rocky 
Mountains (Nelson & DePaolo, 1984), HRMC - Harts Range Meta-igneous Complex (Sivell and 
McCulloch, 1991): solid pattern =lower amphibolite, empty pattern= upper amphibolite and shaded 
pattern = anorthosite; AIC - Atnarpa Igneous Complex (Zhao, unpublished). Depleted mantle and 
Archaean crust evolutionary trajectories after Patchett and Arndt (1986). PAAS - Post-Archean Australian 
Shale of McLennan and Taylor (1983), used as a model for late Archean materials (after Patchett and 
Arndt, 1986). 
Fig. 10: Zr-Ni plot for the amphibolites in this study (After Condie, 1986). Lines with arrows are 
olivine fractionation curves (5% increments marked). 5%, 10%, 20% and 30% are percentages of partial 
melting. Both groups of amphibolites are consistent with 20-30% partial melting followed by variable 
degrees of fractionation. Symbols as in Fig. 2. 
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Table 1: XRF analyses for mafic amphibolites from the Alice Springs area, southern Arunta 
Inlier, central Australia. Group 1: 1-13; Group 2A: 14-18, Group 2B: 18-26. LOI - loss on 
ignition. 
Number 1 2 3 4 5 6 7 
Sample 91-515 91-517 91-520 91-521 91-522 91-523 91-527 
Major element (wt%) 
Si02 49.85 48.8 48.41 48.09 48.23 46.48 48.87 
Ti Oz 0.65 0.96 0.97 0.76 1.12 0.63 1.05 
A1203 12.86 14.56 13.94 14.25 14.48 16.05 13.74 
Fe203 2.16 2.72 2.91 2.63 2.11 1.34 3.86 
FeO 7.51 8.80 8.79 7.66 10.53 8.37 8.00 
MnO 0.16 0.17 0.19 0.16 0.18 0.14 0.18 
MgO 9.88 8.23 8.46 8.64 7.08 11.21 7.55 
Cao 13.08 11.62 12.46 13.29 11.23 11.02 11.86 
Na20 1.39 1.52 1.19 1.31 2.08 1.33 1.36 
KzO 0.55 0.41 0.38 0.43 0.47 0.49 0.98 
P205 0.06 0.07 0.07 0.05 0.08 0.05 0.06 
WI 1.75 1.91 1.90 2.34 1.90 2.53 2.18 
Rest 0.18 0.19 0.20 0.19 0.18 0.16 0.19 
Total 100.08 99.96 99.87 99.80 99.67 99.80 99.88 
Trace element (ppm) 
Ba 44 45 21 39 38 <4 52 
Ce <5 6 5 13 5 <5 6 
Cr 294 345 350 323 67 186 276 
Cs <3 <3 <3 3 <3 10 <3 
Cu 130 86 7 147 214 62 10 
Ga 13 16 16 17 20 14 18 
La <2 <2 <2 7 2 <2 <2 
Li 8 8 9 13 8 19 11 
Mn 1511 1572 1794 1526 1724 1269 1734 
Nb 3 4 3 5 3 3 3 
NJ. <2 4 6 10 7 6 6 
Ni 160 162 146 152 104 350 119 
Pb 5 5 5 5 6 <2 7 
Rb 10 8 7 11 12 42 33 
Sc 58 49 60 58 49 37 54 
Sr 89 127 152 120 160 123 141 
Th <2 <2 <2 <2 <2 <2 <2 
u 1 <0.5 <0.5 1 <0.5 <0.5 <0.5 
v 288 339 359 325 376 216 372 
y 15 21 20 21 22 12 21 
Zn 90 93 112 97 107 69 112 
ZI 39 50 41 34 56 32 50 
Mg# 70.11 62.51 63.18 66.78 54.52 70.48 62.72 
Mg#= molar [MgO/(MgO+FeO) x 100] 
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Table 1: Continued 
Nwnber 8 9 10 11 12 13 14 
Sample 91-537 91-538 91-539 91-552A 89-501 89-509 91-524 
Major elements (wt%) 
Si02 48.53 48.8 49.05 48.87 48.57 47.88 52.20 
Ti Qi 0.93 0.91 0.90 1.11 0.% 0.77 0.39 
A1203 13.42 15.04 14.57 14.06 14.55 14.54 10.21 
Fe203 4.48 3.39 4.01 4.20 3.66 2.33 1.95 
FeO 8.39 7.61 7.57 8.18 8.28 7.81 6.47 
MnO 0.19 0.16 0.18 0.19 0.17 0.17 0.14 
MgO 7.36 7.01 7.76 7.25 7.44 8.39 13.49 
Cao 11.59 12.3 8.8 11.62 11.99 13.18 9.41 
Na20 1.18 2.07 1.2 1.02 1.38 1.23 1.20 
K10 1.00 0.59 2.34 0.74 0.68 0.59 0.91 
P205 0.07 0.08 0.07 0.08 0.08 0.06 0.05 
WI 2.68 1.70 3.06 2.37 1.86 2.08 3.02 
Rest 0.19 0.22 0.26 0.14 0.23 0.22 0.34 
Total 100.01 99.88 99.77 99.83 99.85 99.25 99.78 
Trace elements (ppm) 
Ba 211 99 441 12 112 37 162 
Ce 7 6 <5 9 8 8 25 
Cr 177 499 461 110 309 467 995 
Cs <3 <3 <3 <3 <3 <3 <3 
Cu 29 63 82 107 60 90 180 
Ga 17 18 17 19 20 17 12 
La 4 4 2 2 5 <2 6 
Li 10 7 19 10 5 6 15 
Mn 1821 1529 1692 1820 1513 1550 1349 
Nb 4 4 3 3 3 3 3 
Ni 3 4 6 7 6 <2 8 
Ni 109 100 113 113 111 125 536 
Pb 5 5 15 5 11 6 5 
Rb 51 15 124 27 11 12 45 
Sc 52 53 51 50 50 56 43 
Sr 123 224 109 115 229 98 107 
Th <2 <2 <2 <2 <2 <2 2 
u 1 <0.5 <0.5 1 1 0.5 <0.5 
v 361 331 327 388 344 321 166 
y 21 19 20 21 22 17 15 
Zn 113 81 96 135 90 106 74 
ZI 40 50 43 55 49 31 53 
Mg# 60.99 62.15 64.63 61.24 61.56 65.69 78.80 
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Table 1: Continued 
Number 15 16 17 18 19 20 21 
Sample 91-528 91-529 91-530 91-531 91-532 91-533A 91-533B 
Major elements (wto/o) 
Si02 50.75 49.30 50.34 49.55 50.7 44.63 49.28 
Ti02 0.48 0.32 0.30 0.71 0.57 1.41 1.03 
Al203 15.94 17.52 14.77 12.35 11.14 16.15 18.51 
Fe203 2.29 1.45 1.69 2.81 2.8 7.39 4.83 
FeO 6.20 6.00 5.15 7.32 6.49 9.05 6.02 
MnO 0.13 0.12 0.12 0.16 0.17 0.14 0.10 
MgO 7.01 8.98 10.85 10.13 10.64 5.40 4.28 
eao 10.12 12.73 9.93 12.24 13.16 9.74 8.37 
Na20 2.85 1.62 1.72 1.33 1.30 1.72 2.1 
K20 1.09 0.36 1.45 0.68 0.69 1.26 1.75 
P205 0.06 0.04 0.04 0.09 0.11 0.12 0.16 
WI 2.65 1.47 3.23 2.23 1.97 2.52 2.82 
Rest 0.20 0.16 0.29 0.31 0.28 0.30 0.26 
Total 99.77 100.07 99.88 99.91 100.02 99.83 99.51 
Trace elements (ppm) 
Ba 275 191 240 89 114 461 639 
Ce 86 23 19 16 22 39 39 
Cr 85 157 797 1134 968 14 80 
Cs <3 <3 5 3 <3 <3 4 
Cu 62 188 87 5 42 20 52 
Ga 18 15 12 15 13 25 23 
La 39 14 7 8 11 20 22 
Li 19 8 13 12 11 16 23 
Mn 1257 1153 1163 1537 1604 1222 916 
Nb 9 4 4 2 6 5 7 
Ni 41 13 11 5 11 17 16 
Ni 94 166 337 147 123 31 37 
Pb 17 3 3 7 5 8 9 
Rb 42 7 89 18 13 60 80 
Sc 41 46 39 61 62 46 27 
Sr 300 331 192 173 156 315 389 
Th <2 <2 <2 <2 3 6 5 
u <0.5 1 <0.5 1 1 2.5 0.5 
v 193 136 137 276 266 801 410 
y 27 11 11 17 15 23 13 
Zn 117 56 53 97 116 102 76 
Zr 47 47 35 52 49 110 77 
Mg# 66.84 72.74 78.97 71.16 74.51 51.54 55.90 
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Table 1: Continued 
Number 22 23 24 25 
Sample 91-534 91-535 91-536 89-486A 
Major elements (wt%) 
Si02 43.18 49.21 50.81 46.19 
Ti02 1.45 1.14 0.72 0.46 
Al203 15.25 14.60 14.18 17.88 
Fe203 7.51 5.04 3.91 2.09 
FeO 10.15 8.67 5.82 5.80 
MnO 0.16 0.15 0.16 0.13 
MgO 6.48 5.53 7.40 8.81 
Cao 11.45 9.32 10.55 12.38 
Na20 1.29 1.12 1.49 1.22 
K20 0.52 1.69 1.35 1.11 
P205 0.06 0.08 0.14 0.14 
WI 1.81 2.79 2.78 3.35 
Rest 0.14 0.18 0.21 0.22 
Total 99.45 99.52 99.52 99.78 
Trace elements (ppm) 
Ba 130 302 326 308 
Ce 16 39 29 22 
Cr 5 15 260 387 
Cs 3 <3 <3 5 
Cu 51 43 4 87 
Ga 22 20 16 16 
La 7 19 17 9 
Li 10 19 19 20 
Mn 1443 1408 1546 1206 
Nb 2 2 5 4 
N:I 10 17 13 14 
Ni 14 16 65 87 
Pb 4 13 31 10 
Rb 14 78 55 60 
Sc 57 46 44 48 
Sr 263 170 181 321 
Th <2 6 3 <2 
u <0.5 1.5 1 1 
v 684 480 288 197 
y 13 16 17 11 
Zn 120 118 113 65 
ZI 38 76 60 31 
Mg# 53.23 53.21 69.39 73.03 
Table 2: REE and Sm-Nd isotopic data for selected samples of the mafic amphibolites from the Alice springs area, southern Arunta Inlier, central 
Australia. dupl. -duplicate. ENd(T) calculated at T = 1770 Ma, the crystallization age of the interlayered gneiss. 
Sample Group La Ce Ni Sm Eu Gi Dy Er Yb Lu 147sm/144Nct 143Nd/144Nct ENiT) 
89-501 3.35 8.39 6.92 2.23 0.818 3.02 3.41 2.07 1.92 0.1973 0.512919±7 5.12 
89-509 1.89 5.34 4.80 1.63 0.681 2.30 2.66 1.64 1.51 0.2117 0.513081±7 5.01 
89-509 dupl 1.88 5.63 4.90 1.72 0.711 2.39 2.81 1.74 1.57 0.227 
91-515 2.24 5.97 4.58 1.54 0.548 2.10 2.38 1.47 1.35 0.202 0.2038 0.512949±9 4.24 
91-521 6.54 16.01 9.59 2.82 0.971 3.49 3.89 2.40 2.15 0.317 0.1780 0.512442±6 0.17 
91-523 1.70 7.33 3.52 1.19 0.518 1.62 1.90 1.20 1.15 0.173 0.2037 0.512990± 12 5.05 
91-552A 1 2.99 8.83 7.07 2.35 0.922 3.10 3.55 2.19 2.01 0.298 0.2015 0.512957±6 4.90 
91-529 2A 12.58 25.03 11.02 2.03 0.670 1.87 1.77 1.08 1.03 0.158 0.1111 0.511609±6 -0.96 
91-532 2B 13.00 27.38 13.08 3.01 0.871 3.17 3.08 1.85 1.73 0.268 0.1392 0.511870±6 -2.23 
91-534 2B 7.28 16.43 8.65 2.09 0.645 2.23 2.19 1.28 1.16 0.172 0.1457 0.511916±6 -2.80 
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Abstract Two distinctive events of widespread dyke intrusion have been identified in central-southern 
Australia. Crystallization ages of the dykes were determined using Sm-Nd mineral isochrons obtained by 
splitting clinopyroxene and plagioclase into different magnetic and density fractions, respectively. The 
Stuart dyke swarm in the southern Arunta Inlier and the Kulgera dyke swarm in the eastern Musgrave 
Inlier define essentially identical crystallization ages of 1076±33 and 1090±32 Ma, respectively, marking 
the first episode of post-orogenic mafic magmatism in the region. Two samples from the Gairdner dyke 
swarm in the Stuart Shelf yield Sm-Nd mineral isochron ages of 867±47 and 802±35 Ma, respectively, 
whilst two samples from the Amata suite in the central Musgrave Inlier, 790±40 and 797±49 Ma. 
These four ages represent the second episode of mafic magmatism in central-southern Australia. These 
ages allow new constraints to be placed on the timing of large scale crustal extension and formation of 
intracratic depositional basins in the region. 
Initial ENd values of -6.6 to -7.8 for the Stuart dykes and +0.7 for the Kulgera dykes suggest 
they were derived from different mantle sources with the Stuart dykes being produced from strongly 
enriched sources. In contrast, positive and relatively uniform initial ENd values of +2.5 to +4.l for the 
younger Amata Suite and Gairdner dykes indicate that they were derived from relatively depleted and 
homogeneous mantle sources. 
The 1076±33 Ma Sm-Nd age of the Stuart dyke swarm is significantly older than its Rb-Sr 
mineral isochron age of 897±9 Ma previously reported, suggesting mobility of Rb and/or Sr and partial 
resetting of Rb-Sr isotopic systematics. 
This study demonstrates that reliable and relatively precise Sm-Nd ages can be obtained for 
Precambrian dykes, despite the limited number of mineral phases available in the dykes. 
IN1RODUCTION 
Proterozoic dyke swarms are important geological time markers which usually punctuate the 
onset of crustal extension and volcanism. Dating of Proterozoic dykes is important for regional 
correlation of igneous activity, timing of basin formation over wide areas, and for reliable calibration of 
Apparent Polar Wander Paths (APWPs). Many published APWPs are subject to large uncertainties 
caused by imprecise or unreliable ages of the mafic dykes most frequently used for deduction of these 
APWPs (e.g. Roy, 1983; Idnurm & Giddings, 1988). 
There are however difficulties involved in obtaining reliable and precise ages for Proterozoic 
dykes. Hanes (1987) reviewed a number of isotopic systems, including Rb-Sr, K-Ar, U-Pb and Sm-Nd, 
for dating Precambrian mafic dykes. The Rb-Sr whole-rock isochron method, which has been commonly 
applied, is generally unreliable for Proterozoic rocks, due to limited spread in Rb-Sr ratios, variable 
crustal contamination of the whole-rock samples, and the mobility of Rb and Sr during low-grade 
metamorphism and alteration. Although Rb-Sr internal mineral isochrons provide a better means of 
dating the Precambrian dykes ( Patchett et al., 1978, 1979), their Rb-Sr isotopic systematics are again 
prone to disturbance by post-emplacement alteration and metamorphism (Patchett, 1978). The same 
problems also apply to varying extents to the K-Ar method, although the 40 Ar-39 Ar step-heating 
approach using mineral separates (Hanes, 1987, for review), appears to be a more reliable method. 
Recently, U-Pb isotopic dating of the Precambrian dykes has been undertaken using zircon and baddeleyite 
(Zr02) (Krogh et al., 1987; Heaman and Tarney, 1989; LeCheminant & Heaman, 1989; Heaman & 
Machado, 1992). This method has been proven to be the most reliable and precise means in dating mafic 
igneous rocks but is not as generally applicable due to the rareness of baddeleyite in mafic dykes and 
special treatment required for separating baddeleyite. In addition, zircons, even when available in these 
rocks, may be introduced by crustal contamination and give inherited ages (Black et al., 1992). We did in 
fact attempt to separate baddeleyite from one of the samples but our effort failed probably because 
baddeleyite crystals in the sample are too small to separate. 
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The rare earth elements Sm and Nd are generally less sensitive than Rb and Sr to later 
mobilization during alteration and metamorphism and therefore Sm-Nd isotopic systematics can 
potentially provide a relatively reliable means for dating Precambrian dykes. Despite this, the use of the 
Sm-Nd isotopic systematics for mafic rocks is still relatively limited (e.g. Hamilton et al., 1977; Zindler, 
1982 McCulloch et al., 1982). The main problem with the Sm-Nd whole-rock isochron method is that 
samples used for such an isochron approach may not be strictly comagmatic, or have been variably 
contaminated by isotopically distinctive components. Although the Sm-Nd internal mineral isochron 
method theoretically provides a better approach for obtaining true crystallization ages, this method is not 
widely utilised, mainly due to the lack of suitable mineral phases to define an isochron. Many mafic 
dykes are found to contain only plagioclase and clinopyroxene and often only a three-point isochron with 
a poorly constrained age can be obtained. 
In this study, a more refined approach in using internal Sm-Nd mineral isochrons for dating 
Proterozoic dykes is explored. Clinopyroxene and plagioclase were split into different groups according to 
their physical properties. These properties reflect compositional differences as a result of crystal 
fractionation and therefore more independent data points with sufficient spread in Sm/Nd ratios can be 
obtained to define a more precise internal isochron age. 
This study was carried out on Proterozoic dyke swarms in central-southern Australia, which were 
considered to be closely associated with the initiation of intracratonic depositional basins developed in the 
region during Late Proterozoic (Parker et al., 1987). The dating of these dyke swarms is important in 
providing new geochronological constraints on the relationships among the dyke swarms and the timing 
of crustal extension and basin evolution in the region. 
GENERAL GEOLOOY 
The regional geology of central-southern Australia is characterised by the occurrence of the Late 
Archean to Early-Mid Proterozoic basement blocks (e.g. Gawler Craton, Musgrave and Arunta Inliers), 
which are overlain by Late Proterozoic to Palaeozoic intracratonic depositional basins (e.g. Adelaide 
Geosyncline, Officer, Amadeus and Ngalia Basins) (Fig. 1). Widespread mafic dyke swarms (e.g. Stuart 
Dyke Swarm in the Arunta Inlier, Kulgera Dyke Swarm in the Musgrave Inlier and the Gairdner Dyke 
Swarm in the Gawler Craton) intrude the basement blocks, marking the latest magmatic activities in the 
basement. The emplacement of these swarms was interpreted as marking the onset of intracratonic 
extension associated with the basin formation (Parker et al., 1987). Such a large scale continental 
extension has been explained as a failed continental rift during the Late Proterozoic (e.g. Lindsay et al., 
1987). Large scale mafic volcanism found in the Adelaide Geosyncline, referred to as the Willouran 
volcanics by Crawford and Hilyard (1990), are probably related to the formation of the dyke swarms, 
especially the Gairdner Dyke Swarm. The stratigraphic relationships among these mafic suites are shown 
in Fig. 1 and their implications for crustal-mantle evolution and basin formation in central-southern 
Australia have been presented in our two companion papers already submitted (e.g. Zhao and McCulloch, 
1992; Zhao et al., 1992c). 
The Stuart Dyke Swarm, Arunta Inlier 
The Stuart Dyke Swarm consists dominantly of N-S trending, fine to medium-grained, massive 
dolerite dykes and minor plugs intruding the metamorphic rocks of the Southern Province of the Arunta 
Inlier (Black et al., 1980; Stewart et al., 1984). Some generally E-W trending dykes were also recognised 
in the western portion of the Arunta Inlier, which are geochemically equivalent to the Stuart Dyke Swarm 
(Gladys Warren, pers. comm.). Overall, the dolerite retains an ophitic texture, and consists mainly of 
plagioclase, clinopyroxene and olivine with minor amounts of orthopyroxene, hornblende, biotite and 
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opaque minerals present in some samples. Alteration is minor, being confined to grain boundaries and 
cracks. Alteration assemblage consists of epidote, chlorite, talc, carbonate, actinolite and magnetite. 
The Stuart Dyke Swarm intrudes the migmatite in the Ormiston Gorge area, which yields a Rb-
Sr whole rock-mineral isochron age of 1050±50 Ma (Majoribanks & Black, 1974), and is unconformably 
overlain by the Heavitree Quartzite, the basal unit of the Amadeus Basin (Stewart et al., 1984). Black et 
al. (1980) obtained a Rb-Sr mineral isochron age of 897±9 Ma for the SDS. This age was later widely 
used in modelling of the evolution of the Amadeus Basin (e.g. Lambeck, 1984; Shaw et al., 1991; 
Lindsay et al., 1987). However, this age is highly dependent upon the high Rb/Sr biotite point, which is 
susceptible to isotopic resetting. 
The Kulgera Dyke Swarm, eastern Musgrave Inlier 
The Kulgera Dyke Swarm (KDS) occurs in the eastern Musgrave Inlier, which is part of the 
younger group of dolerite dykes described by Wilson (1948). Until recently, little has been known about 
the geology of the eastern Musgrave Inlier apart from the earlier works of Wilson (1948) and Stewart 
(1967). The Northern Territory Geological Survey (e.g. Camacho, 1990; Camacho et al., 1990; 
Camacho et al., 1991) has recently undertaken work in this area. The eastern Musgrave Inlier consists of 
the Kulgera terrane metamorphosed to granulite grade and the Mulga Park terrane reaching only lower 
amphibolite grade. The KDS forms an east-west arcuate belt of about 90 km long and 10 km wide. The 
dolerite dykes occur as resistant ridges intruding the granulite rocks of the Kulgera terrane. They are 
commonly 500 m long and 2 m thick, sub-parallel or shallowly dipping (5°-30°S). Some dykes may be 
up to 6 km long and 8 m wide. The rocks of the dykes are generally massive, fresh and 
unmetamorphosed, consisting dominantly of plagioclase, clinopyroxene and olivine, and displaying a 
clear ophitic texture, similar to the SDS. Alteration to chlorite, epidote and calcite is not common and 
restricted to grain boundaries, joints, and microfractures. 
Geochemical data (Camacho et al., 1990) suggest that the KDS is a low-Ti tholeiite, 
characterised by high MgO, Sr and low Zr, Ti, Nb, Y and REE, similar to the SDS in the Arunta Inlier 
(Zhao and McCulloch, 1992). Camacho and Gray obtained a Rb-Sr mineral-mesostasis isochron age of 
1054±18 Ma (Camacho et al., 1990; 1991), which is significantly older than the Rb-Sr mineral isochron 
age of 897±9 Ma obtained by Black et al. (1980) for the SDS. However, palaeomagnetic data (Camacho 
et al. 1991) suggest that the two swarms are coeval. 
Our new geochemical and isotopic studies (Zhao and McCulloch, 1992) suggest that the KDS 
may extend to the west as far as the Amata area, central Musgrave Inlier. 
The Amata Suite, central Musgrave Inlier 
The metamorphic history of Amata area has been investigated recently by Maboko as part of a 
Ph.D project (Maboko, 1988; Maboko et al., 1991). According to Maboko (1988), the Amata area 
consists of an amphibolitic Gneiss Terrane and granulitic Central and Southern Terranes of distinctive 
metamorphic history, which are separated by major thrust zones. Peak metamorphism up to 12 kb 
pressure and 850° C temperature occurred at -1200 Ma, which was immediately followed by 
decompressional uplift of approximately 20 km within a short period of 20 Ma. A large number of post-
tectonic dolerite dykes, described by Maboko ( 1988), intrude the Central and Southern Terranes. Most of 
the dykes still preserve their igneous texture. Some are metamorphosed, with alterations around grain 
boundaries and cleavages, probably due to emplacement at deeper crustal levels. 
Our preliminary geochemical and isotopic studies suggest that these dykes can be subdivided into 
at least two groups. One group has REE patterns and Nd isotopic compositions identical to the KDS and 
therefore is assigned to the KDS (Zhao and McCulloch, 1992). The other group displays distinctive 
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smooth, positively-sloped, REE patterns unlike the KDS and uniform and high initial £Nd values, and is 
here referred to as the Amata Suite (Zhao et al., 1992b,c). One sample collected about midway between 
Kulgera and Amata also has REE and Nd isotopes identical to the Amata Suite. 
The Gairdner Dyke Swarm, Gaw/er Craton and Stuart Shelf 
The Gairdner Dyke Swarm (GDS) is a NW-trending swarm intruding the Gawler Craton and 
Stuart Shelf (Parker et al., 1987). Surface outcrops of the Gairdner Dyke Swarm are extremely limited, 
most of the dykes being intercepted in drill holes (Flint, 1992). However, aeromagnetic mapping 
indicated that the GDS is one of the most extensive dyke swarms in Australia (Boyd and Tucker, 1990), 
extending in length for -1000 km from the southern Gawler Craton to the NW Musgrave Inlier. In the 
Gawler Craton region, individual dykes can be followed on the magnetic maps for more than 100 km and 
are -10 to 30 m thick. The oldest K-Ar age of the GDS is 764±11 Ma, given by plagioclase from a 
sample in CSR LY3 drillhole (Flint, 1992). On stratigraphic criteria, the GDS could have been intruded 
at any time between 750±53 Ma, the age of an overlying cover sequence, and 1422±51 Ma, the age of a 
basement sequence which it intrudes (Flint, 1992). 
Geochemically, the GDS is remarkably similar to the Amata suite in the Musgrave Inlier and the 
Willouran volcanics at the base of the Adelaide Geosyncline in having the same trace and rare earth 
element patterns and Sm-Nd isotopic signatures (Zhao et al., 1992c; Crawford and Hilyard, 1990;). The 
GDS and the Willouran volcanics were referred to by Crawford and Hilyard ( 1990) as the Willouran basic 
province which is in size and geochemical characteristics comparable to the Columbia River, Parana and 
Deccan flood basalt provinces. Detailed description and discussion of the geochemical signatures and 
tectonic implications of these mafic suites are presented in Zhao et al. (1992c). 
SAMPLE SELECTION AND ANALYTICAL PROCEDURES 
Samples of the dyke swarms were selected for Sm-Nd mineral isochron analysis in conjunction 
with our geochemical and isotopic studies of these swarms. 
Two samples were collected from the SDS. One (89-506) was taken from a quarry about 10 km 
east of Alice Springs. The dyke is N-S trending, about 15 m wide, with a coarse-grained central portion 
and fine-grained chilled margins. The dyke itself is mined for road-making material. The sample collected 
is very fresh, consisting of plagioclase, clinopyroxene and olivine with insignificant alteration and 
magnetite exclusion along grain boundaries. The second sample (89-474) was taken from -5 km west of 
Alice Springs. The dyke is relatively finer and thinner than the one in the quarry. The sample contains 
the same mineral assemblage but is slightly more altered than 89-506. 
One sample (I-3) of the KDS was provided by Alfredo Camacho . The dyke is located east of 
Kulgera, in the railway quarry. It is unaltered, thick, shallowly dipping, consisting of coarse-grained 
central portion and fine-grained chilled margins. It is this sample which produced the Rb-Sr mineral-
mesostasis isochron age of 1054±18 Ma (Camacho et al., 1991). 
Two samples were collected from the Amata Suite in the Amata area (Maboko, 1988). Thin 
section observations indicate that they consist dominantly of plagioclase and clinopyroxene with clear 
ophitic texture being retained. 
Two core samples of the GDS were provided by Dr. Parker of the Department of Mines in South 
Australia. These two samples were collected from drill holes of Aquitaine SSR 1001 (sample 6136 RS6) 
and Reedy Lagoon RLl (6137 RS28). They are both relatively fresh and consist of subophitic 
clinopyroxene, plagioclase and interstitial Fe-Ti oxides, with plagioclase being fresher than clinopyroxene 
and essentially unaltered. Clinopyroxene alteration to actinolites is limited only to the rims of some 
grains. Sample 6137 RS 28 yielded a K-Ar age of 733±7 Ma (Flint, 1992). 
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Except for the two samples from the Amata Suite, whose minerals have been separated by 
Maboko (1988), the rest of the samples were separated in this study, using conventional mineral 
separation procedures including heavy liquid and magnetic techniques. For three samples, further splitting 
of clinopyroxene and/or plagioclase into different fractions was carried out. Clinopyroxene was split into 
fractions with different magnetic susceptibility and plagioclase separated into fractions with different 
density. The clinopyroxene fractions were then purified through hand-picking. For plagioclase, the least 
magnetic fraction of each density group was separated using the Frantz separator and only those fractions 
with D <2.75 were used for isotopic analysis. Such treatment allows the altered plagioclase grains and 
other impurities to be eliminated. 
It is expected clinopyroxene fractions with lower magnetic susceptibility would have higher Mg# 
and therefore have crystallized earlier than those with higher magnetic susceptibility. Accordingly, such a 
clinopyroxene fraction would have lower total REE abundance and higher Sm/Nd ratios, as would be 
expected from partition coefficient data for REE in clinopyroxene. Similarly, denser plagioclase fraction 
contains higher An% and would have crystallized earlier. Such fraction should have lower total REE 
abundance and higher Sm/Nd ratios than those crystallizing later. Following this strategy, clinopyroxene 
and plagioclase were separated into several mineral fractions. 
Chemical and mass spectrometric procedures were described in Zhao et al. (1992a). In this study, 
mineral separates were washed in acetone and warm HCl before total spiking and dissolution. 
The method of Mcintyre et al. (1966) is used for isochron regression. Relative deviations of 
0.2% for 147sm;144Nd and the experimental errors in 143Nd/144Nd multiplied by a factor of 1.5 for 
individual analyses were used for regression. The multiplication of experimental errors in 143Nd/144Nd 
by the factor of 1.5 allows for long-term variations resulting from within run-by-run calibration of the 
Faraday Cup gains of the MAT-261 mass spectrometer. Ages and initial ratios are quoted at 2cr level and 
value of 6.54 x 10-12 is used for the decay constant of 147sm. 
ISOTOPIC RESULTS 
The isotopic results are presented in Table 1 and a summary of isochron ages in Table 2. The 
different magnetic fractions of clinopyroxene (samples 89-506, I-3 and RS 28) and density groups of 
plagioclase (sample 89-506) have variations in both Sm/Nd ratios, and Sm and Nd concentrations, which 
are consistent with crystal fractionation. As illustrated in Fig. 2, less magnetic clinopyroxene fractions as 
well as denser plagioclase fractions have higher Sm/Nd ratios and lower Nd concentrations, consistent 
with the theoretical prediction described above. Fractions of each mineral type define a crystal 
fractionation trend, which is opposite to the mixing trend between the clinopyroxene and plagioclase. 
Thus, the increased spread in Sm/Nd ratios as well as additional data points resulting from this approach 
allow more precise isochron ages to be defined. 
Analyses of three clinopyroxene fractions, two plagioclase fractions together with the total rock 
from sample 89-506 of the SDS collectively define a Model 1 isochron (Fig. 3) corresponding to an age 
of 1076±33 Ma, initial ENd value of -7.8±0.8, and MSWD = 0.37. Three analyses from sample 89-474 
of the SDS define a less precise Model I isochron age of 1049±94 Ma, with an initial ENd value of -
6.6±2.1 and MSWD of 0.57. The two ages are within error indistinguishable from each other. 
Five analyses for three clinopyroxene fractions, one plagioclase fraction and the whole rock from 
sample 1-3 of the KDS also define an Model I isochron (Fig. 4) with an age of 1090±32 Ma, initial ENd 
value of +0.7±1.2 and MSWD of 0.88. This age is within error indistinguishable from the age of 89-506 
of the SDS, and the Rb-Sr internal isochron age of 1054±18 Ma for the same sample obtained by 
Camacho et al. (1991). 
Two samples from the Amata Suite also define three-point Model I isochrons (Fig. 5). Sample 
89-497 produces an age of 790±40 Ma with an initial ENd value of +4.1±1.0 and MSWD of 0.37. 
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Sample 89-504 yields an age of 797±48 Ma with an initial ENd value of +2.5±1.2 and MSWD of 0.02. 
The two ages are indistinguishable from each other, but significantly younger than both the KDS and 
SDS. 
Two samples from the GDS give Model I isochron ages as well (Fig. 6). Sample 6137 RS 28 
yields a four-point isochron corresponding to an age of 802±35 Ma, an initial ENd value of 4.0± 1.0 with 
MSWD = 0.71. Both the age and initial ratio are similar to those of the Amata Suite. Another sample 
6136 RS 6 produces a three-point Model 1 isochron age of 867±47 Ma with an initial ENd value of 
+4.0±1.0 and MSWD of 0.59. The age is within error indistinguishable from the 802±35 Ma age of 
sample RS 28. The two ages are slightly older than the K-Ar ages of 733±9 to 764±11 Ma previously 
reported for the GDS (Flint, 1992). 
Inset diagrams in Figs. 2 - 5 illustrate relative deviation ~ (in ppm) of measured 143Nd/144Nd 
from the best-fit isochrons vs. 147sm;l44Nd ratios for each sample. Also shown are 2cr error bars (solid 
lines) and tcr error bars (broken lines). It can be seen from the diagrams that data for each sample fall well 
in their respective 2cr error envelopes, suggesting that their 2cr errors are reasonable estimates. The tcr 
error envelopes for samples with more than 4 data points are similar to their respective 2cr error 
envelopes. 
DISCUSSION 
Interpretation of internal isochron ages 
The aim of this study is to obtain crystallization ages for the mafic dykes and thus the key 
question is whether the ages obtained represent primary magmatic ages or later metamorphic ages of the 
dykes. 
Without independent evidence, (e.g. U-Pb zircon/baddeleyite ages or well constrained 
stratigraphic relations), it is a priori difficult to assess whether a Sm-Nd internal isochron age can be 
treated as true crystallization age. Although REE elements are generally considered to be immobile during 
secondary or non-magmatic geochemical processes, redistribution of REE and Nd isotopic resetting have 
been observed during high-grade granulite metamorphism (e.g. McCulloch and Black, 1984; Windrim et 
al., 1984). In some cases, mobility and fractionation of REE may also occur under low-temperature 
hydrothermal conditions (e.g. Hellmen and Henderson, 1977; McLennan and Taylor, 1979). It is 
considered that a number of processes such as retrogressive breakdown of REE-bearing phases and REE-
rich fluid interaction may be responsible for REE mobility and Nd isotopic resetting during 
metamorphism (e.g. McCulloch and Black, 19.84; Windrim et al:, 1984). However, these processes are 
poorly understood due in part to lack of information on solid-fluid distribution, as well as a strong 
dependence of distribution coefficients on fluid compositions and temperature (Wendlandt and Harrison, 
1979). For example, partition coefficients for REE may be significantly higher in C02-rich fluids than 
in H20-rich fluids. 
Alteration and metamorphism are generally insignificant in all the four dyke suites analysed in 
this study. Visible alteration is restricted only to microfractures, joints and grain boundaries. There is no 
evidence for strong fluid interaction. Igneous textures in all the above analysed samples remain intact. In 
addition, our refined mineral separation procedures allow altered grains to be eliminated since their 
physical properties (e.g. magnetic susceptibility and density) have been changed by alteration. In this 
case, Nd isotopic systems in the whole rock and mineral separates of these rocks are not considered to be 
significantly disturbed. This argument is supported by other evidence: 
(!).As discussed above, Sm and Nd abundances, and 147sm;144Nd and 143Nd/144Nd ratios for 
clinopyroxene and plagioclase subsplits of each sample are consistent with crystal fractionation (Table I, 
Fig. 2), suggesting the phases analysed are primary magmatic products. No variations in the REE 
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abundances and Sm-Nd isotopic ratios among the physical subsplits would be expected if REE and Nd 
isotopic redistribution has occurred. 
(2). The lack of post-magmatic disturbance is also supported by the fact that all the seven 
samples analysed define Model 1 isochrons. The Model 1 nature of the isochrons suggests that 
uncertainties in the ages are only due to analytical errors, rather than geological disturbance. 
(3). The consistency of ages yielded by each suite also implies that geological disturbance to 
Sm-Nd isotopic systematics is not significant. For example, ages obtained from sample pairs of the 
SDS, GDS and the Amata Suite, are indistinguishable within error from each other, respectively. In case 
of the Amata Suite and the GDS, if their ages record post-magmatic disturbance, an extensive 
synchronous tectonothermal event would be expected to have occurred 800 Ma ago on a scale of> 1000 
km from SE Gawler Craton to central Musgrave Inlier. There is no geological evidence for such an 
event, unless the dyke swarms themselves were emplaced at that time. 
(4). Both the Amata and the Gairdner suites have positive ENa(T) values and uniform and low 
Sm/Nd ratios. This means their ENa(T) values would be even more positive if their crystallization ages 
are older than those defined by the isochrons. Significantly higher ENa(T) values would not be anticipated 
for such LREE-enriched rocks. 
(5). Some granitoids intruded by the KDS in the eastern Musgrave Inlier yield U-Pb zircon ages 
of -1150 Ma (Camacho and Fanning, pers. comm.), suggesting that the KDS must be younger than 1150 
Ma. In this case, the 1090±32 Ma Sm-Nd age is close to the maximum age limit for the time of the 
dyke intrusion. 
Thus in conclusion, although post-magmatic isotopic disturbance cannot be totally ruled out, it 
is considered that the Sm-Nd ages yielded by the seven samples are most likely to approximate their 
crystallization ages. 
Implications for Late Proterozoic crustal extension and mafic magmatism 
Our Sm-Nd age data reveal two distinctive episodes of mafic magmatism throughout the central-
southern Australia and put important constraints on the timing of intracratonic extension and basin 
formation. The emplacement of Stuart Dyke Swarm in the Arunta Inlier and Kulgera Dyke Swarm in the 
Musgrave Inlier during 1076-1090 Ma marks the first episode of crustal extension and mafic magrnatism. 
The intrusion of the Gairdner Dyke Swarm in the Gawler-Stuart Shelf region and the Amata Suite in the 
Musgrave Inlier during 790-870 Ma represent the second episode of crustal extension and mafic 
magmatism. 
The 1076±33 Ma Sm-Nd age for the SDS is significantly older than its Rb-Sr age of 897±9 Ma 
reported by Black et al. (1980), suggesting that the Rb-Sr isotopic systematics in minerals used in 
defining such an isochron age have been partially reset, probably during the Carboniferous Alice Springs 
Orogeny. It may be possible that the Sm-Nd age is still a minimum age of the dyke intrusion. 
However, pegrnatite and undeformed granite in the Omiston Gorge area, which predate the SDS, yield U-
Pb zircon ages of -1140 Ma (Black and Shaw, 1992; Black and Shaw, pers. comm.). In this case, the 
1076±33 Ma Sm-Nd age is close to the maximum age limit for the emplacement of the Stuart Dyke 
Swarm and therefore can be considered as a reasonable crystallization age. This age is coincident with 
1050±50 Ma Rb-Sr whole-rock isochron age obtained from the migmatite in the Omiston Gorge 
(Majoribanks and Black, 1974), suggesting the metamorphism could be related to the intrusion of the 
Stuart dykes. 
The 1090±32 Ma Sm-Nd age for the KDS is analytically indistinguishable from its 1054±18 
Ma Rb-Sr age reported by Camacho et al. (1991), suggesting that in this region both the Rb-Sr and Sm-
Nd isotopic systematics were not significantly affected by later processes. This inference is also verified 
by its stratigraphic relations. U-Pb zircon studies of Maboko (1988) suggest that the peak granulite 
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metamorphism occurred at -1200 Ma and some granulites are as young as 1100 Ma, and thus the 
unmetamorphosed dyke swarm must be younger than that age. These ages also indicate that the Stuart 
and Kulgera dyke swarms are coeval, which is also consistent with their geochemical and palaeomagnetic 
evidence (Zhao and McCulloch, 1992; Camacho et al., 1991). 
There are two reasons which may explain why Rb-Sr isotopic systematics was disturbed in the 
SDS, whilst it is not so in the KDS. First, the earlier Rb-Sr internal isochron age reported by Black et 
al. (1980) is strongly controlled by the high Rb/Sr biotite analysis, which is usually prone to isotopic 
resetting. The rejection of the biotite analysis from the isochron regression will result in a less precise, 
relatively older age. Second, as mentioned above, the southern Arunta Inlier, where the SDS intrude, was 
profoundly influenced by the Carboniferous Alice Springs Orogeny in the region, which may be 
responsible for the partial isotopic resetting in the Stuart dykes. However, there is no comparable event 
(responsible for isotopic resetting) occurring in the eastern Musgrave Inlier, where the KDS intrudes. 
The Gairdner Dyke Swarm yields ages of 802±35 Ma and 867±47 Ma, which are substantially 
younger than the SDS and KDS. These two younger ages are indistinguishable from the 790±40 and 
797±48 Ma ages of the Amata Suite. It is important to note that the two suites have identical REE 
patterns and surprisingly uniform and identical initial ENd values (Zhao et al., 1992b,c). For example, 
ENd(800 Ma) for the GDS ranges from +3.5 to +4.1, whilst in the Amata Suite, from +2.4 to +4.3. 
These similarities in initial ENd values indicate both suites probably belong to parts of the same huge 
dyke swarm, consistent with aeromagnetic mapping of Boyd and Tucker (1990). It is intriguing also to 
note that the ages of the GDS and Amata Suite are also the same as the U-Pb zircon age of 802±10 Ma 
reported for the Rook Tuff in the Callanna Group of the Adelaide Geosyncline (Fanning et al., 1986), 
suggesting they may all belong to part of the same magmatic event. 
The recognition of two episodes of mafic magmatism separated by more than 200 Ma period has 
important implications for crustal-mantle evolution and formation of sedimentary basins in central-
southem Australia. The remarkably distinctive Nd isotopic signatures (i.e. initial ENd values) between 
the two groups of mafic suites reflect different mantle sources and petrogenetic processes for their origin. 
The low and variable initial ENd values as observed in the SDS and KDS are considered as due to their 
continental lithospheric mantle sources being previously metasomatised by slab-derived components 
during episodes of crustal formation in the region. The uniform and positive initial ENd values displayed 
by the GDS and Amata Suite, on the other hand, are interpreted as the dykes being derived by 
decompression melting of a large-scale, geochemically uniform asthenospheric mantle plume impinging 
upon the base of the continental lithosphere in central-southern Australia at -800 Ma. These issues are 
addressed in more details in our two companion papers (Zhao and McCulloch, 1992; Zhao et al. 1992c). 
CONCLUSIONS 
As mentioned, considerable difficulties are involved in precise and accurate dating of Precambrian 
mafic dyke swarms. Our study confirms that Rb-Sr isotopic systematics can in some cases be reset 
substantially even if the metamorphic grade is very low. Such a case is represented by the Stuart Dyke 
Swarm, which previously yielded a Rb-Sr mineral isochron age of 897±9 Ma, which is proven to be 
significantly younger than the Sm-Nd ages obtained in this study. In contrast, the Sm-Nd and Rb-Sr ages 
for the Kulgera dykes are in good agreement. This suggests that care must be taken in interpreting Rb-Sr 
internal isochron ages obtained from Precambrian rocks. 
In this study, it has been demonstrated that, by splitting minerals into different magnetic or 
density groups, more dispersion in Sm/Nd ratios together with more independent data points can be 
obtained. In this manner, relatively precise and probably reliable ages for Precambrian mafic dykes may 
be obtained using clinopyroxene and plagioclase separates, especially when zircon and/or baddeleyite are 
not available for more precise U-Pb dating. In addition, we also recognise that some caution should still 
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be taken in their interpretation as crystalliUition ages of the dykes and where possible, it is desirable to 
undertake a combined investigation into ages of suitable dykes using both U-Pb zircon/baddeleyite and 
Sm-Nd mineral isochron techniques. 
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FIGURE CAPTIONS: 
Figure 1: Top: Map illustrating distribution of basement blocks, sedimentary basins, mafic dyke 
swarms, and volcanics and sample localities in central-southern Australia. SDS - Stuart Dyke Swarm; 
KDS - Kulgera Dyke Swarm; WV - Willouran Volcanics of Crawford and Hilyard (1990). Map edited 
after Parker et al. (1987) and Boyd & Tucker (1987). Bottom: Chronostratigraphic correlations among 
the Amadeus Basin, Musgrave Inlier and Adelaide Geosyncline. BSF - Bitter Springs Formation; BSV -
Bitter Springs volcanics; AS - Amata Suite; GDS - Gairdner Dyke Swarm; CG - Callanna Group, WV -
Willouran volcanics of Crawford and Hilyard (1990); RT -Rook Tuff of Fanning et al. (1986). The 
Callanna and Burra Groups in the Adelaide Geosyncline unconformably overlie the Gawler Craton as well 
as the GDS (802-867 Ma) and are unconformably overlain by the Sturt Tillites (>750 Ma). The 
Heavitree Quartzite and Bitter Springs Formation unconformably overlie the Arunta Inlier as well as the 
SDS (1076 Ma) and are unconformably overlain by the Areyonga tillites, being strongly correlated with 
the Sturt Tillites. Note that the Amadeus Basin also unconformably overlie the Musgrave Inlier on its 
southern margin. 
Figure 2: l/Nd vs. 147sm/144Nd variation diagram for whole rock and mineral separates of sample 89-
. . (143Nd/144Nd)sAMPLE(T) 
506, the Stuart Dyke Swarm. Imt1al ENd values are defined by: ENd(l) = [ (143Nd/144Nd)cHUR(1) - 1) 
x la4, using (143Nd/144Nd)rnUR(O) = 0.51265 and (147Sm/144Nd)rnuR(O) = 0.1967. See text for 
discussion. 
Figure 3: Sm-Nd mineral isochrons for samples of the Stuart Dyke Swarms, southern Arunta Inlier. 
Inset diagram illustrates relative deviation ~(in ppm) of measured (M) 143Nd/144Nd ratios from best-fit 
(BF) isochrons, ~ = [(143Nd/144Nd)M/(143Nd/144Nd)BF - 1) x 106, vs. (147Sm/144Nd)M for WR and 
mineral data of each sample. 2cr (solid lines) and tcr (broken lines) error bars are also shown for each 
analysis. See text for discussion. 
Figure 4: Sm-Nd mineral isochron for a sample of the Kulgera Dyke Swarm, eastern Musgrave Inlier. 
Inset diagram as for Fig. 3. 
Figure 5: Sm-Nd mineral isochrons for samples of the Amata Suite, central Arunta Inlier. Inset 
diagram as for Fig. 3. 
Figure 6: Sm-Nd mineral isochrons for samples of the Gairdner Dyke Swarm, South Australia. Inset 
diagram as for Fig. 3. 
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TABLE 1: Sm-Nd isotopic analyses for whole rock samples and their mineral separates of 
Proterozoic dykes in central Australia. Amata - Amata Suite, GDS - Gairdner Dyke Swarm, KDS -
Kulgera Dyke Swarm, SDS - Stuart Dyke Swarm. cpx denotes clinopyroxene and affixed numbers 
in order of decreasing magnetic susceptibility. p/ag denotes plagioclase and affixed number in order 
of increasing density. WR denotes whole rock.± for 143Nd/144Nd are 2cr errors. 
Unit Sample Lcality Lat./Long. Sm (ppm) Nd (ppm) 147sm;144Nd 143Nd/144Nd 
Amata 87-497 WR 26°20'S/131°06'E 3.963 13.96 0.17164 0.512738±13 
Amata 87-497 cpx 0.788 2.000 0.23813 0.513069±8 
Amata 87-497 plag 1.183 6.105 0.11716 0.512443±7 
Amata 87-504 WR 2 26°32'S/131°05'E 4.371 15.99 0.16528 0.512610±9 
Amata 87-504 cpx 1.823 4.829 0.22824 0.512943±7 
Amata 87-504 plag 0.676 3.368 0.12139 0.512384±9 
GDS 6136 RS 6 WR 3 30°50'S/136°22'E 3.279 11.43 0.17341 0.512726±5 
GDS RS 6 cpx 2.197 5.573 0.23840 0.513091±5 
GDS RS 6 plag 0.131 0.606 0.13062 0.512466±14 
GDS 6137 RS 28 WR 4 30°19'S/136°04'E 3.416 11.85 0.17435 0.512744±7 
GDS RS 28 cpx-1 3.742 9.736 0.23244 0.513052±6 
GDS RS 28 cpx-2 0.850 2.008 0.25587 0.513161±7 
GDS RS 28 plag 0.249 1.289 0.11674 0.512460±10 
KDS 1-3 WR 5 25°5o·s;133 °24'E 1.364 4.454 0.18524 0.512611±9 
KDS l-3cpx-1 1.276 2.859 0.26988 0.513226±10 
KDS 1-3 cpx-2 0.989 2.063 0.28986 0.513345±7 
KDS 1-3 cpx-3 0.870 1.785 0.29465 0.513382±8 
KDS 1-3 plag 0.039 0.188 0.12416 0.512151±13 
SDS 89-474 WR 6 23 °41'S/133°50'E 1.802 6.936 0.15706 0.512039±8 
SDS 89-474 cpx 0.498 1.471 0.20490 0.512375±8 
SDS 89-474 plag 0.088 0.449 0.11880 0.511803±24 
SDS 89-506 WR 7 23°41 'S/134°00'E 2.143 8.306 0.15592 0.511960±7 
SDS 89-506 cpx-1 2.772 8.215 0.20397 0.512296±10 
SDS 89-506 cpx-2 2.332 6.590 0.21393 0.512364±8 
SDS 89-506 cpx-3 1.446 3.486 0.25089 0.512634±6 
SDS 89-506 plag-1 0.228 1.177 0.11688 0.511681±11 
SDS 89-506 plag-2 0.178 0.905 0.11895 0.511719±14 
TABLE 2: Summary of isochron ages for mafic dyke swarms in central-southern Australia. 
Sample Assemblage Age ±2cr Initial 143Ndf144Nd Initial f:Nd MSWD Model 
(Ma) (± 2cr) (±2cr) 
Stuart Dyke Swarm, Arunta Inlier 
89-474 WR+cpx+plag 1049±94 0.51096±11 -6.6 ± 2.1 0.57 1 
89-506 WR+3cpx+2plag 1076±33 0.51086±4 -7.8 ± 0.8 0.37 1 
Kulgera Dyke Swarm, eastern Musgrave Inlier 
1-3 WR+3cpx+plag 1090±32 0.51128±6 +0.7 ± 1.2 0.88 1 
Amata Suite, central Musgrave Inlier 
87-497 WR+cpx+plag 790±40 0.51184±5 +4.1±1.0 0.37 1 
87-504 WR+cpx+plag 797±49 0.51175±6 +2.5 ± 1.2 0.02 1 
Gairdner Dyke Swarm, Gaw/er Craton and Stuart Shelf 
RS 6 WR+cpx+plag 867±47 0.51174±6 +4.1±1.2 0.59 1 
RS 28 WR+2cpx+plag 802±35 0.51182±5 +4.0 ± 1.0 0.71 1 
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The ophiolite belt along the S. E. margin of the Yangtze era ton (or platform), South 
China is commonly considered to be formed during the Sibao-Xuefeng orogenic cycle and in-
terpreted to represent a Proterozoic suture or subduction zonel:i. 3J. In contrast, Hsu et al. fll 
recently argued that this ophiolite belt represented a melange which was overthrust onto a 
foreland thrust belt during Mesozoic. To resolve this conflict and obtain better under-
standing of crustal evolution in S. China during the Proterozoic time, we report our new 
Sm-Nd isotopic data on the NE Jiangxi ophiolite (NEJXO )(Fig. 1), one of the key 
ophiolites in the belt. 
1. PREVIOUS STUDIES OF NEJXO 
The NE Jiangxi ophiolite ( NEJXO ) was first recognized and described by Zhou 
Guoqing in 1981 (see Proceedings of the 1st National Symposiwn on Basi.cultrabasic 
Rocks and Ophiolites) . Further detailed field, petrologic and geochemical studies have been 
undertaken rec.ent1yl4.5J. The NEJXO is a complete ophiolite suite with members consisting 
of metamorphic peridotites, ultrabasic-basic cumulates, diorites, dolerites and metavolcanics. 
It outcrops along the line of Yiyang-Dexing-Wuyuan in Jiangxi and extends northeasterly 
to Xixian ophiolite in S. Anhujf6J, in the vicinity of the NE Jiangxi Deep Fault Zone. It is 
spatially associated with a suite of calc-alkaline volcanics and a typical high~pressure 
metamorphic complex with a glaucophane-la wsonite-jadeite assemblage (some members of 
the NEJXO were also metamorphosed to such a facies). Zhou Guoqingf 4l also outlined some 
differences between the NEJXO in Jiangxi and the Xixian ophiolite in Anhui. Majorf4. 71 and 
REE14l element characteristics of dolerites and volcanics in the NEJXO imply an island-arc 
· low-K tholeiitic affinity. 
Based on solely stratigraphic investigation, Zhou Guoqing in 1981 suggested that the 
NEJXO might be formed during the Xuefengian orogeny ( - 0.8 - 0.9 Ga). ·Recently, 
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Fig. I. Geological sketch map of the NE Jiangxi ophiolite and the associated high-temperature-high-
pressure metamorphic rocks. !, Jiuling Group c-f Jiuling Terrane; 2, Qigong Group of Huaiyu 
Terrane; 3. Sinian-Ordovician system of Huaiyu TerraHe; 4, Mesozoic volcanics; 5, Mesozoic basin; 6, 
Yanshanian granites; 7, Xuefengian granites; 8, ultrabasic bodies representing NEJXO, plus high-
temperature metamorphic rocks ( T) and high-pressure metamorphic .-ocks ( P); 9, main faults. 
(Modified according to the Northeastern Jiangxi Geological Survey Teani ) . 
Zhou Xinmin et aJ.1 61 reported an Sm-Nd internal mineral isochron age of 1024±30 Ma 
with d T) = + 2.64 ±0.40 for the Xixian ophiolite. However, Xu and Qiaol7l obtained an 
Sm-Nd whole-rock isochron_ age of 930±34 Ma with r,(T) = + 5.3 ±0.8 from four analyses 
of NEJXO, which is significantly younger than the Xixian ophiolite. 
II. SAMPLE SELECTION AND ANALYTICAL PROCEDURES 
In order to detennine the crystallization age of NEJXO and to constrain its tectonic set-
tings, 9 whole-rock samples were collected and analysed for Sm-Nd isotopic composition. 
Sample loc.alities are listed in Table I. This sample selection was based on detailed geologi-
cal and geochemical studies of Zhou Guoqing l4l. 
The whole-rock chemical processing and mass spectrometric measurement were carried 
out in the isotope laboratory at the Research School of Earth Sciences, Australian National 
University. Isotopic composition was detennined on a multi-collector Finnigan Mat 261 mass-
spectrometer. The 143 Nd/ 144 Nd ratio of La Jolla standard measured on this machine is 
0.511872 ±2 (2a). Normal Nd procedure blank in this laboratory ranges from 25 to 50 pg. 
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III. Sm-Nd lsoTOPIC RESULTS 
Sm-Nd isotopic data are shown in Table l · Nine analyses show a large variation in both 
Sm, Nd concentrations and 147 Sm/ 144Nd, 143 Nd/ 144 Nd ratios. 
Isochron regression analysis has been made using the program in the Australian Nation-
al University, which is based on Mcintyre et aJ.1 81 By rejecting Ml33 which is highly 
deviant from the best-fit line, the remaining eight analyses yield a Model I isochron age of 
1120±27 Ma with MSWD=8·1· However, the large MSWD indicates that the uncertainty 
is far beyond experimental errors and suggests some geological disturbance, which is against 
the prerequisites of Model I solution1 8l. Apart from M 133, Jzx-3 and M 167 also plot off the 
best-fit line. If these three analyses are all rejected, the remaining six points define a best-fit 
Model II isochron age of 1154±43 Ma with MSWD=l.5 and 143 Nd/ 144 Nd initial ra-
tio = 0. 51144 ± 6 ( Fig. 2 ) . 
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Fig. 2. Sm-Nd isochron diagram for the northeastern Jiangxi ophiolite. 
IV. INTERPRETATION OF THE Sm·Nd lsocHRON DATA 
Large variations in REE concentrations and Sm-Nd isotopic composition can be attri-
buted to: ( i) fractional crystallization; (ii) crustal contamination; and (iii) REE mobility dur· 
ing later stages of deformation and metamorphism. Geological and geochemical evidencef 4, 7J 
indicates that the petrogenesis of NEJXO is iiorninated by fractional crystalliz.ation, which 
meets the prerequisites for Sm-Nd isochron ages. Crustal contamination should produce a 
positive correlation between e( T) and 147 Sm / 144 Nd in normal circumstances. Such a correla-
tion is absent in our NEJXO analyses (e.g. Table 1 ) , suggesting that crustal contamina-
tion, if any, is insignificant. 
REE concentrations and Sm-Nd isotopic composition can be affected by REE mobility 
during later stage deformation and metamorphism (which was prevailing in NEJXO). If 
this oocurred, Sm-Nd isotopic systematics in rocks with lower "REE concentrations should be 
more easily affected. Fig. 3 illustrates the relations between Nd concentrations and s ( T) 
( T= 1154 Ma). It can be seen that the three analyses with the lowest concentrations of Nd 
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and Sm have a large variation of£ ( T) values, whereas the remaining six analyses have only 
a limited range of c( T) very close to + 5.5, corresponding to the initial 143 Nd/ 144 Nd ratio in 
Fig.2. If c(T)values are calculated using T= 1120 Ma (the age estimate out of eight analyses), 
a similar plot pattern as in Fig. 3 can be observed. This indicates that the three' analyses 
with the lowest Sm, Nd concentrations may have been affected by REE mobility whilst 
the others remain intact. For example, the alteration by a fluid with high 143 Nd/ 144 Nd ratio 
will produce isotopic features as observed in M133. Thus, it is reasonable to rtject these 
three analyses which plot off the best-fit line and the six-point regression result illustrated in 
Fig. 2 is considered to be the best estimate for the NEJXO. 
Table 1 
Sm-Nd Isotopic Analyses for the NEJXO, South China 
Sample Locality Rock Type Sm(ppm) Nd (ppm) 147 Sm/ 144 Nd 1<JNd/144Nd c:Nd (Tl 
Rl53 Xi wan diorite 3-346 12-63 0-16015 0.512657± 8 5-56 
Rl49-l Xi wan dolerite 4.536 14.20 0-19309 0.512896±11 5.35 
M88 Maoqiao metavolcanics 0-582 1-979 0-17767 0-512794± 9 5.64 
Ml26 Maoqiao meta volcanics 2-312 6-298 0.22200 0.513101± 7 5.19 
Jr-6 Rao 'er cumulate gabbro 0-708 J.733 0-24715 0.5]33ll±10 5-44 
M215 Maoqiao olivine pyroxenite 0-598 1-177 0-30835 0-513788±10 5-69 
Jzx-3 Xi wan orthopyroxene peridotite 0-0339 0.211 0-09712 0.512294± 17 7-82 
Ml33 Maoqiao augite peridotite 0-0732 o.360 0-12291 0-512753±15 12-97 
M167 lviaoqiao augite peridotite 0-0651 0-199 0-19746 0.512885±23 4.49 
Note: 143 Nd/ 144 Nd ratios are normalized to 146 Nd/ 144 Nd=0.7219. 
c:Nct(T) ={[ (1 43 Nd/ 144 Nd JT;i (143 Nd/ 144 Nd )T ch..,- I) x 10'. where the present day ( 143 Nd/ 144 Nd ).;,.,= 0.51265. 
( 147 Sm/ 144 Nd let== 0.1967. }.Sm= 6.54 x 10- 12 a -i. 
i•.------------,-l~N~E-,..,Ji-an-gx~i-o-p~h~iol~it-,e 
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Fig. 3. c: (T) versus Nd concentration diagram for analyses of the NE Jiangxi ophiolite. 
V. GEOLOGICAL IMPLICATIONS OF THE Sm-Nd lsoroP1c DATA 
( 1 ) The best-fit isochron defined by a variety of samples separated by large distances fur-
ther indicates that members of NEJXO are g'enetically related probably by a fractional 
crystallization process. This is consistent with Zhou Guoqing 's earlier geological and 
geochemical evidencel4l. 
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( 2) This isochron age, together with isochron ages obtained .by Zhou Xinmin et al. !6J 
and Xu and Qiaof7l, indicates that NEJXO and Xix.ian ophiolite were formed during the mid-
dle' to late Proterozoic time. Shu Liang-shu ( pers. comm. ) recently obtained a late 
Proterozoie K/ Ar age from glaucophane separated from a sample of the associated high-
pressure metamorphic rocks and can be explained as a metamorphic age. Zhou Guoqingf4.5J 
argued, on the basis of field relations, that the high-pressure metamorphism occurred during 
the Proterozoic time. Zhou Xinmin et al. [6J demonstrated that the tectonic emplacement of 
the Xix.ian ophiolite occurred not later than the late Proterozoic. All of the above agruments 
are inconsistent with the Mesozoic overthrusting model of Hsu et al. r IJ 
( 3 ) On the eNd versus time diagram (Fig. 4 ) , six of the NEJXO samples fall on the 
evolution trajectory of the depleted mantle magma source of DePaolo!9l. The other three with 
the lowest Sm and Nd concentrations plot either above or below this trajectory and, as dis-
cussed previously, this may be due to REE mobility. Nevertheless, NEJXO was clearly de-
rived from a depleted mantle source with little crustal contamination. Two whole-rock data 
of Zhou Xinmin et al. !6l and four of Xu and Qiaol 7l are also plotted in Fig. 4, respectively. 
They are plotted below the depleted mantle trajectory and are therefore less depleted than the 
NEJXO samples. This difference may be due to crustal contamination or mantle heterogeneity. 
All the features, combined with the association of calc-alkaline suites, suggest that these 
ophiolites might be formed in an island arc-back basin environment. 
14 
• NEJXO 7 161 0 Zhou Xinmin et al. 
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Fig. 4. E""' versus time diagram for the NEJXO and Xixian ophiolite. See text for interpretation. 
( 4) Based on Sm-Nd isotopic data for the South China Foldbelt, Jahn et aJ.1 101 sug-
gested that most of the South China continental materials were extracted from the mantle dur-
ing Archaean (ca. 2.7 Ga) and the early to middle Proterozoic ( 2.0 - 1.8 Ga). Post-
middle Proterozoic crustal evolution was considered to be dominated by intra-crustal 
recycling with only a minor amount of newly-formed materials contributed from the mantle. 
However, in this study we have shown that NEJXO is clearly derived from the late 
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Proterozoic mantle source. The source of the associated calc-alkaline volcanics and intrusives 
is as yet unknown. Therefore, the extent of the new crustal addition during the late Proterozoic 
remains unconstrained and needs further investigation. Furthermore, the middle to late 
Proterozoic Greenvillian orogeny is a major global-scale tectonic event in the world and its 
implications to tectonic evolution and crustal growth remain controversial. The study of the 
late Proterozoic orogenic belt in China should contribute to the resolution of this long-term 
argument. 
VI. CoNCLUSION 
( l ) The NE Jiangxi ophiolite yields an Sm-Nd whole-rock isochron age of 1154 ± 43 
Ma with an 143 Nd/ 144 Nd initial ratio of0.51144±6. 
( 2) Its e ( T) value of + 5.5 suggests that it was derived from a depleted mantle source 
without significant crustal contamination. 
( 3) Sm-Nd isotopic systematics in samples with low REE concentration may be affected 
by REE mobility during late stage events. 
( 4) The extent of new crustal addition during the middle to late Proterozoic needs fur-
ther investigation. 
We thank Drs. M. T. McCulloch and S. S. Sun for fruitfal discussion and suggestion. 
Our gratitude is also due to Dr. S. S. Sun for courteously bringing samples from China to 
Australia. Technical assistance by Dr. G. E. Mortimer and L. Kinsley is gratefally appreci-
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ABSTRACT 
Fang, Z., Zhao, J.-X. and McCulloch, M.T., 1992. Geochemical and Nd isotopic study of Palaeozoic 
bimodal volcanics in Hainan Island, South China-Implications for rifting tectonics and mantle reser-
voirs. Lithos, 29: 127-139. 
Geochemical and Sm-Nd isotopic results are presented for Carboniferous bimodal metavolcanics from 
the central part of the Hainan Island, south China. The volcanics are composed of both tholeiites and 
quartz rhyolites, which are interbedded with elastic metasediments. This volcanic sequence hosts the 
Shilu Fe-Co-Cu Deposit, the richest iron deposit in China. Study of the volcanics is thus important for 
understanding ofboth the geochemistry of the subcontinental mantle and the genesis of the Shilu Deposit. 
Tholeiite samples display large geochemical variations but remarkably uniform Nd isotopic signatures. 
Overall, at comparable MgO level, tholeiites from the western portion of the volcanic belt have lower 
Ti02 and P20 5, and higher Al 20 3/Ti02 and Ca0/Ti02 ratios than those from the eastern portion. A 
tholeiite sample taken from the Junying area, western portion of the volcanic belt has characteristics of 
N-type mid-ocean ridge basalts (MORB) in having a LREE-depleted pattern, positive ENd ( T) value 
( + 6.8), as well as relatively high Zr /Nb ( 25), Y /Nb (I 0) and low Zr /Y ( 2.4), La/Nb ( 0.81 ) ratios. 
On the other hand, tholeiites occurring in the eastern portion of the volcanic belt are relatively enriched 
in LIL, HFS and LRE elements. Geochemical features, such as positive ~'b anomalies on spiderdiagram 
and generally high Zr/Y ratios, indicate that these rocks are analogous to oceanic island tholeiites (OIT) 
or initial rifting tholeiites (IRT). However, least contaminated tholeiites in the eastern portion have lim-
ited ranges of relatively low La/Nb ratios ( 0.82-1.03) and high ENd ( T) values ( + 4.2 - + 7 .6), which are 
similar to the MO RB-type tholeiites in the western portion. The above geochemical features can be best 
explained in terms of different degrees of partial melting of an isotopically similar depleted source ( s). 
The OIT-like tholeiites from the eastern portion were derived by lower degree partial melting, whilst the 
N-MORB~.Jike ones from the western portion, by higher degree of partial melting. Some tholeiite samples 
with lower ENd ( T) values show evidence for crustal contamination during their petrogenesis. 
Quartz rhyolites from the volcanic belt are enriched in Si02 (72-80%), K20 (4.64-6.42%), Rb, de-
pleted in CaO, Na20, Sr, and display strong negative Eu anomalies. Their negative tr.d(T) values 
( -6.9- - 7 .6) are similar to that of the bulk continental crust of south China and suggest a derivation 
by partial melting of a continental crustal source. 
We propose that Palaeozoic passive rifting tectonics was responsible for the magmatic activity in this 
region. The early stage o(extensional rifting caused increasing degrees ofdecompressional partial melting 
of an upwelling asthenospheric mantle and resulted in the production oftholeiitic magmas. The ascent of 
these magmas into the crust provided heat which caused partial melting at lower/middle crustal levels 
and yielded rhyolitic magma. The N-type MORB-like affinities exhibited by tholeiites in the western 
portion of the belt indicate that the rift in this area may have developed into a small oceanic basin. 
Correspondence 10: J .-X. Zhao, Research School of Earth Sciences, Australian National University, GPO Box 4, Canberra, ACT 
2601, Australia. 
0024-493 7 /92/$05.00 © I 992 Elsevier Science Publishers B.V. All rights reserved. 
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Introduction 
Recently much attention has been focused on 
continental rift zone magmatism, as it is capable of 
providing insight into processes involving conti-
nent breakup and formation of new oceanic basins 
as well as allowing access to the chemical and iso-
topic signature and structure of subcontinental 
mantle reservoirs (e.g. Bohannon et al., 1989; Lee-
man and Fitton, 1989; White and McKenzie, 1989). 
These studies have led to the development of many 
hypotheses for the driving mechanism of rifting tec-
tonics which are characterised by two contrasting 
models, "passive rifting" caused by differential 
stresses in the lithosphere and "active rifting" 
caused by asthenosphere or deep rriantle plume up-
welling (McKenzie, 1978; Sengor and-Burke, I 978 ). 
These studies also indicate involvement of both en-
riched and depleted mantle reservoirs throughout 
the evolution history of the rifting system with 
chemically and isotopically more depleted sources 
becoming increasingly predominant and crustal 
contamination less significant with time (Hart et al., 
1989; Al th err et al., 1990; Barrat et al., 1990 ). 
In this study, we present geochemical and Sm-
Nd isotopic data on a rift-related Carboniferous bi-
modal (basaltic-rhyolitic) volcanics in the Hainan 
Island, south China. The data reported here suggest 
an isotopically homogeneous and depleted mantle 
source for the genesis of basaltic magmas with the 
rhyolitic magmas being derived by intracrustal 
melting. 
Geological setting 
Hainan Island, located in south China (Lat. I 8 °-
21 °N, Lon. l 08.5°-l l0°E), is a continental-type 
island, separated from the south China continent by 
the 27 km wide Qiongzhou Strait (Fig. I). Cover-
ing more than 60% of the whole island area are 
granitoids, including mainly Late Palaeozoic por-
phyroblastic biotite granites yielding Rb-Sr WR is-
ochron ages of - 320 Ma and some Mesozoic gran-
ites yielding Rb-Sr WR isochron ages of I 80-80 Ma 
(Fang, 1988 ). The rest of the area is occupied by 
supracrustal sequences as well as Cenozoic volcan-
ics. The Cenozoic volcanics have been investigated 
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in terms of Sr-Nd-Pb isotopic signatures by Zhu 
and Wang (1989). 
Pre-Mesozoic stratigraphic sequences occurring 
in the middle band of the island consist ofphyllites, 
slates, gneisses and minor migmatitic granites. This 
metamorphosed terrane is bordered to the north by 
the Wangwu-Wenchang Fault (WWF) and to the 
south by the Jiushou-Lingshui Fault (JLF). Ceno-
zoic basalts and Quaternary sediments occur north 
of the WWF, whereas unmetamorphosed Palaeo-
zoic sediments are dominant south of the JLF. 
Carboniferous bimodal metavolcanics were found 
to occur in the western part of the metamorphic ter-
rane, which form an E-W trending belt extending 
discontinuously about 80 km along the Chang-
jiang-Anding Fault (CAF). They are composed 
dominantly of interlayer.ed tholeiites and quartz 
rhyolites, which are intimately interbedded with 
green schist facies phyllites and slates and form part 
of the Shilu Group (Xia et al., 199lb). The Shilu 
Fe-Co-Cu Deposit, the richest iron deposit in 
China, occurs in this greenschist facies volcano-sed-
imentary sequence. Fossil evidence, such as Car-
boniferous corals, brachiopoda neuropieris, pecop-
teris, Cordaites and sporo-pollen microfossils being 
identified, suggests this volcano-sedimentary se-
quence was deposited during Carboniferous, coin-
cident with Rb-Sr WR isochron ages in the range of 
330 to 311 Ma yielded by the sediments (Academia 
Sinica, I 986 ). The Shilu Group is subdivided into 
7 units from bottom to top, with the volcanics oc-
curring mainly in the 5th and 6th units. The lower 
layers of the group are dominantly elastic sedi-
ments, whereas the top units (unit 7) are chemical 
sediments dominated by dolomites with minor gyp-
sum interlayers. Depositional facies analysis indi-
cates that the sediments were derived from N, Sand 
E directions and the depressional basin open to the 
W (Xia eta!., 199la). 
Within the volcanic belt, basalts are dominant in 
the western part, whilst rhyolites are more common 
in the eastern part. There are no rocks of interme-
diate composition. Pillow structures are observed in 
the basalts from the Junying area, western part of 
the belt, indicating eruption under seawater. Petro-
graphical and geochemical features suggest basalts 
in this area are spili tes (Xia et al., I 9 9 I a). 
All the previous authors argued that the Shilu 
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Fig. 1. Simplified geological map of the Hainan Island, south China illustrating the main stratigraphic units and sample localities 
(After Academia Sinica, 1986 and Xia et al., 1991 a). Legend: 1. Quaternary alluvia; 2. Cenozoic sequences including mainly of 
basaltic volcanics; 3. Mesozoic sequences; 4. Palaeozoic sequences including mainly of the Shilu Group metasediments and the 
interbedded Carboniferous bimodal volcanics; 5. migmatites; 6. Cenozoic granites; 7. Late Palaeozoic granites; 8. sample locali-
ties (Refer to Table 1 for sample numbers). WWF-Wangwu-Wenchang Fault, CCF-Changjiang-Qionghai Fault, JLF-Jiushou-
Lingshui Fault. 
Group, including both the sediments and the vol-
canics were formed in a continental rift environ-
ment with aulacogen affinities (Fang et al., 1990; 
Xia et al., 199la,b). 
Sample selection and analytical methods 
The localities of felsic and mafic samples col-
lected from five sites in the volcanic belt are shown 
in Fig. 1. Two sizes in the vicinity of the Shilu Iron 
Deposit are strongly altered. 
Major elements of five samples ( # 5-9) and trace 
elements of all the samples were analysed using a 
VF-320 X-ray fluorescence (XRF) spectrometer at 
Nanjing University. Major elements of the other 
eight samples were analysed using wet chemistry 
techniques. REE concentrations were measured on 
an inductively coupled plasma emission spectrom-
eter (ICP-ES) at the Yichang Institute of Geology 
and Mineral Resources, China. Some samples ana-
lysed for REE using ICP-ES techniques were re-an-
alysed at the ANU using the isotopic dilution 
method. Sm-Nd isotopic compositions were ana-
lysed in the isotope laboratory at the ANU. Sm-Nd 
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isotopic and REE analytical procedures were de-
scribed in Zhao et al., 1992. Isotopic measurements 
were undertaken on a Finnigan MAT 261 multi-col-
lector mass spectrometer. 143Nd/ 144Nd ratio ob-
tained for the La Jolla standard is 0.511872 ± 2 
(2a). Normal Nd procedural blank in this labora-
tory is less than 100 pg. 
discrepancy is probably caused by poor recovery of 
REE ( - 30-50% loss) during ion exchange column 
separation in the ICP-ES analysis. For this reason, 
the REE abundances obtained by the ICP-ES have 
been adjusted to the Nd concentrations determined 
by the isotopic dilution. 
Major and trace element, rare earth element and 
Sm-Nd isotopic data are displayed in Tables 1, 2 
and 3, respectively. The REE results obtained by the 
substantially higher precision isotopic dilution 
method are generally consistent with the relative 
slopes of the ICP-ES data but indicate dilution 
problems with the ICP-ES method of 1.4- 2.0. This 
Results 
Major, trace and rare earth elements 
Overall, all the mafic samples analysed fall in the 
tholeiitic field on the AFM diagram (Fig. 2). Major 
TABLE l 
Major and trace element analyses for samples of the bimodal volcanics from the Hainan Island, south China. Major elements of sample nos. 1-4 and 
10-13 were analysed using wet chemistry techniques. The rest by XRF. Iron contents of sample nos. 5-9 were measured as total Fe,O,. W - west; E -
east. Detailed localities of each sample shown in Fig. 1. n.d. denotes not determined 
2 
w w 
3 
E 
4 
E E 
Sample no. 
Location 
Name 
Rock type 
JYVR SL6A FRSK-10 FRSK-12 FRSK-6 
tholeiite tholeiite tholeiite tholeiite tholeiite 
Major elements (wt.%) 
SiO, 49.54 50.85 45.16 
TiO, 1.02 2.13 2.45 
Cao 3.35 0.67 10.52 
MgO 6.60 1.93 7.32 
FeO 3.55 1.75 10.15 
Fe,o, 7.77 4.93 1.94 
Al20, 16.40 23.5 l 15.68 
MnO 0.14 0.04 0.21 
K,O 0.16 1.27 0.70 
Na 20 3.27 0.23 2.51 
P,O, 0.06 0.28 0.36 
Loss 7.56 l l.25 1.43 
Total 99.48 98.83 98.43 
Trace elemenrs (ppm, by XRF) 
Rb 4.9 54 
Sr 183 60 
Nb 2.4 10 
Zr 60 212 
y 25 44 
v 253 220 
Ni 299 52 
Li 38 l 70 
Cs 3 4 
Ba 80 1294 
Element ratios 
47 
459 
30 
221 
30 
264 
128 
38 
17 
344 
Zr/Nb 24.88 21.44 7.44 
Y/Nb 10.29 4.39 1.01 
La/Nb 0.81 2.63 0. 78 
Rb/Sr 0.03 0.90 0.10 
K20/Na20 0.05 5.52 0.28 
K/P 4.75 8.66 3. 70 
45.58 
1.71 
7.12 
12.93 
9.10 
1.72 
14.54 
0.18 
0.43 
1.75 
0.22 
3.27 
98.55 
19 
219 
14 
169 
27 
231 
317 
150 
26 
54 
11.81 
1.86 
1.08 
0.09 
0.25 
3.65 
48.94 
1.97 
7.50 
6. 75 
n.d. 
131.4 
15.91 
0.20 
0.49 
3.04 
0.23 
1.53 
99.70 
34 
445 
16 
189 
31 
290 
93 
n.d. 
n.d. 
88 
11.81 
1.94 
0.08 
0.16 
4.05 
6 7 9 10 11 12 13 
EE E E EE E W 
FRSK-9 FRSK-13 FRSK-14 FRSK-17 LY23.8 LY18.l LY18.6 SL5.3km 
tholeiite tholeiite tholeiite andesite tholeiite rhyolite rhyolite rhyolite 
47.06 45.63 
1.59 1.95 
8.48 11.06 
5.77 8.89 
n.d. n.d. 
13.15 13.59 
14.82 14.70 
0.22 0.18 
0.72 0.48 
3.31 1.63 
0.22 0.20 
1.82 1.64 
97.16 99.97 
48 
460 
15 
134 
26 
304 
48 
n.d. 
n.d. 
66 
8.93 
1.73 
0.10 
0.22 
6.23 
30 
306 
15 
165 
30 
283 
195 
n.d. 
n.d. 
160 
11.00 
2.00 
0.10 
0.29 
4.57 
44.64 
1.96 
9.32 
9.00 
n.d. 
15.08 
15.52 
0.16 
0.18 
1.90 
0.23 
1.85 
99.84 
15 
309 
15 
165 
31 
297 
194 
n.d. 
n.d. 
n.d. 
11.00 
2.07 
0.05 
0.09 
l.49 
58.48 
1.25 
1.02 
1.43 
n.d. 
8.76 
20.14 
0.10 
3.09 
1.60 
0.20 
3.95 
101.02 
112 
206 
15 
237 
42 
171 
18 
n.d. 
n.d. 
570 
15.80 
2.80 
0.54 
1.93 
29.39 
49.95 
2.39 
8.41 
5.30 
9.25 
2.55 
14.13 
0.16 
1.11 
3.18 
0.44 
2.09 
98.97 
36 
489 
37 
243 
26 
222 
66 
15 
6 
374 
75.39 79.54 
0.26 0.18 
0.08 0.03 
0.53 0.22 
0.75 0.65 
1.08 0.43 
14.00 10.72 
0.07 0.03 
4.64 6.42 
0.15 0.05 
0.04 0.07 
2.79 1.14 
99.78 99.47 
241 
12 
14 
149 
55 
18 
4 
8 
19 
554 
334 
28 
11 
111 
53 
12 
7 
15 
14 
394 
71.92 
0.13 
0.02 
1.53 
0.30 
1.52 
15.14 
0.05 
5.88 
0.01 
0.02 
3.09 
99.60 
536 
19 
17 
115 
31 
14 
5 
40 
18 
1634 
6.58 10.39 9.70 6.90 
0. 71 3.81 4.63 1.85 
1.03 3.47 2.27 1.46 
0.07 20.19 12.09 28.97 
0.35 30.93 128.4 588.0 
4.80 245.1 187.8 745.4 
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TABLE 2 
REE analyses for samples of the bimodal volcanics from the Hainan Island, south China 
Sample no. l 2 3 4 10 12 13 14 
Sample name HYVR SL6A FRSK-10 FRSK-12 LY23.8 LY18.l LY18.6 SL5.3km 
Rock type tholeiite tholeiite tholeiite tholeiite tholeiite rhyolite rhyolite rhyolite 
Methods ID IC-ES ID ID ICP-ES ICP-ES ICP-ES ICP-ES 
La l.94 26.06 23.17 15.36 37.85 48.59 24.93 24.46 
Ce 5.42 46.42 40.89 25.58 61.03 90.28 45.13 46.62 
Nd 5.85 27.89 25.32 17.00 35.12 41.09 22.32 20.88 
Sm 2.29 6.31 6.25 4.30 7.94 8.38 6.17 4.19 
Eu 0.99 l.73 2.03 l.38 3.24 0.60 0.34 0.69 
Gd 3.50 7.06 6.84 4.84 7.40 8.07 5.38 3.48 
Dy 4.36 8.88 6.65 4.94 7.13 9.40 8.80 5.23 
Er 2.92 5.33 3.73 2.84 2.98 4.98 4.56 2.25 
Yb 2.73 3.58 3.42 2.55 3.00 3.94 3.44 l.76 
Lu 0.65 0.52 0.36 0.26 0.28 0.42 0.24 
Ndm/Nd1ep 2.04 l.70 l.50 l.63 l.43 
NB: Both isotope dilution (ID) and ICP-ES data are specified. ICP-ES data are normalized to Nd concentrations determined by the isotope dilution 
method, with the normalization factors given in the last row of the table. Sample localities are shown in Table I and Fig. l. 
TABLE3 
Sm-Nd isotopic analyses for samples of the bimodal volcanics from the Hainan Island, south China 
Sample name Sample no. Rock type Sm Nd 147Sm/ 14'Nd 143Nd/"4Nd fNd{O) fNd(T) ToM 
{ppm) (ppm) (Ma) 
JYVR 1 tholeiite 2.29 5.85 0.2365 0.513086± 11 8.50±0.22 6.82 
SL6A 2 tholeiite 6.09 27.89 0.1321 0.512236±7 -8.07 ±0.13 -5.35 1518 
FRSK-10 3 tholeiite 6.25 25.32 0.1493 0.512935± 12 5.56 ± 0.23 7.56 460 
FRSK-12 4 tholeiite 4.30 17.00 0.1531 0.512906±7 5.00±0.13 6.84 545 
FRSK17 9 andesite 8.50 42.76 0.1202 0.512318 ± 6 -6.47 ± 0.12 -3.25 1228 
LY23.8 10 tholeiite 7.67 35.12 0.1321 0.512727±6 l.51±0.12 4.23 716 
LY18.J II rhyolite 8.79 41.09 0.1297 0.512154±7 -9.68±0.13 -6.86 1610 
LY18.6 12 rhyolite 4.73 22.32 0.1281 0.512158±7 -9.61 ±0.13 -6.72 1578 
SL5.3km 13 rhyolite 4.33 20.88 0.1253 0.512139± 14 -9.97±0.27 -6.96 1562 
-
143Nd/ "'Nd ratios are normalised to 146Nd/ 144Nd= 0. 7219. Errors quoted at 2 O'm confidence level. 
- f( T) = { [ 1' 3Nd/ 144Nd)....,01.( T) I ( 143Nd/ 144Nd ) .... ,( T)] - I) x 104 , using (' 43Nd/ 144Nd )cbu,(O) =0.51265 and ( 147Sm/ 144Nd ) .... ,(0) =0.1967, 
and T = 330 Ma, the age of the volcano-sedimentary sequence. 
- ToM= 1 I A ln { l + [ ( 143Nd/ 144Nd)....,0,.- ( 143Nd/ 144Nd)oMJ / [ ( 147Sm/ 144Nd)....,01,- ( 147Sm/ 144Nd) 0 M]}, using ( 143Nd/ 144Nd)oM=0.513! 63 
and ( 147Sm/ 144Nd loM = 0.225. Here subscript DM denotes depleted mantle and A= 6.54 X 10- 12 yr- 1• 
- Sample nos. and localities refer to Table l and Fig. l. 
element data taken from Academia Sinica ( 1986) 
fall in the the same field. Similar tholeiitic trends 
are also recognised in the Ti02-Zr, P20 5-Zr, Nb/ 
Y-Zr/P 20 5 diagrams which appear to be more re-
liable for altered rocks (Winchester and Floyd, 
1976 ). Some samples, such as sample·# l, have high 
loss on ignition, due to a combination of strong al-
teration, greenschist metamorphism and weather-
ing. Volatiles in these samples are dominated by 
H20+, which would not affect the initial abun-
dances of immobile trace elements. Poor outcrop 
precludes better sampling. 
Sample"# 1 (JYVR), a basalt sample collected 
from the western part of the volcanic belt, has the 
lowest P20 5, Zr, Ti, Nb, Y and Zr/Y (2.4 ), and the 
highest Zr /Nb ( 25) and Y /Nb ( 10). It also has the 
lowest total REE abundance and a LREE-depleted 
pattern (Fig. 4a). On the spider-diagram, it dis-
plays a pattern similar to N-type MORB, except for 
mobile alkalis and alkali earths (Rb, Sr, Ba and K) 
which are elevated probably due to secondary alter-
ation or regional metamorphism (Fig. 5b). Its high 
Ni and low Zr, Nb, Ti and P suggest that it was crys-
tallized from a relatively primitive melt. Its unu-
132 
F 
A M 
Fig. 2. AFM diagram for basaltic samples of the bimodal vol-
canics from the Hainan Island. The samples show a Fe en-
richment trend and fall in the tholeiitic field. Dots are sam-
ples analysed in this study, whereas circles are data taken from 
Academia Sinica ( 1986 ), which came from the Juying area, 
the place where JYVR (sample #1) was collected. A-
Na20+ K20, F-total FeO, M-MgO. 
sually low MgO and CaO are probably due to selec-
tive leaching during secondary alteration rather than 
magmatic differentiation. 
The regional significance of sample # 1, the only 
sample of its kind analysed in this study, can be as-
sessed by comparing it with the previously reported 
major element data (Academia Sinica, 1986) for 
other samples from the Juying area where sample# 
1 was collected. These samples also have lower Ti02 
and P 20 5, and higher Al 20 3/Ti0 2 and Ca0/Ti02 
(not illustrated) than those collected from eastern 
part of the volcanic belt (Fig. 3), indicating that 
sample# 1 is representative ofrocks from this area. 
Basaltic samples from the eastern part of the vol-
canic belt (sample # 3-10) have comparatively 
higher Ti, V, Zr, Y, Nb, Rb/Sr and lower Zr/Nb, 
Y /Nb, Al20 3 /Ti02 and Ca0/Ti02• Unlike sample 
# 1, these samples display LREE-enriched patterns 
(Fig. 4a). Their patterns on the spider-diagram re-
semble those of the E-type mid-ocean ridge basalts 
(MORB ), oceanic island tholeiites (OIT) or initial 
rifting tholeiites (IRT), especially in terms of 
marked Nb positive anomalies (Holm, 1985 ). E-
MORE, OIT and IRT are virtually indistinguisha-
ble from each other in terms of spider-diagram pat-
terns except that E-MORB has higher Th and U 
(Fig. 5a as in Holm, 1985). However, all the thol-
eiitic samples from the eastern part of the volcanic 
belt fall into the within-plate basalt (WPB) fields 
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Fig. 3. Chondrite-normalized REE patterns for samples of the 
bimodal volcanics from the Hainan Island, south China. Data 
in A are obtained by the isotope dilution method, whereas 
those in B and C, by ICP-ES. ICP-ES data are adjusted using 
Nd concentrations obtained by the isotope dilution method 
(correction factors are in Table 2 ). Shaded area represents 
field of the Hercynian granites (unpublished data). Sample 
names as in Table 1. 
(i.e. OIT and IRT) on the Zr-Nb-Y and Zr-Zr/Y 
discrimination diagrams of Meschede ( 1986) and 
Pierce and Norry (1979), suggesting chemical af-
finities to OIT or IRT rather than E-MORB (e.g. 
Fig. 6). One sample from the eastern part, sample 
# 9, has higher Si02 content ( 59%) and corre-
spondingly lower MgO, suggesting it was more 
evolved, probably as a result of crystal fractionation 
or crustal contamination or both. However, rocks 
of this type are relatively rare. 
The altered basaltic sample ( # 2), taken from the 
vicinity of the Shilu Iron Deposit in the western part 
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Fig. 4. Al20 3/Ti02 and P20i vs. Ti02 variation diagrams il-
lustrating geochemical comparison between tholeiite samples 
from the Junying area (circles), western part of the volcanic 
belt and those from the eastern part of the volcanic belt (dots). 
The data from the Junying area are taken from Academia 
Sinica (1986). JYVR (triangle), the only sample collected 
from the J unying area during this study falls well in the field 
defined by the cycle plots, indicating it is representative of 
tholeiites from this area. 
of the volcanic belt, has unusual chemistry proba-
bly as a result of strong alteration associated with 
ore formation. It is much more enriched in LREE 
and displays an obvious negative Eu anomaly, sim-
ilar to the rhyolites, indicating significant crustal 
contamination. Exceptional enrichment in Ba re-
sembles that of the coexisting rhyolite ( # 13), im-
plying a regional Ba anomaly in the vicinity of the 
Shilu Deposit. 
Three rhyolite samples ( # 11-13) analysed have 
high Si02 contents ranging from 72% to 78%. They 
are enriched in K20 and Rb, but strongly depleted 
in CaO, Na20 and Sr, probably as a result of re-
gional potash metasomatism, or more likely, pro-
nounced plagioclase fractionation. Rhyolites of the 
same chemical features were also reported in pre-
vious works (e.g. Academia Sinica, 1986). Aii the 
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Fig. 5. Primordial mantle normalized spiderdiagrams show-
ing comparison between basalts from the Hainan Island and 
basalts from diverse tectonic settings. MORB denotes mid-
ocean ridge basalt and E- for enriched, N- for normal; OIT-
oceanic island tholeiite; !RT-initial rifting tholeiite; CT-
continental tholeiite (flood basalts). (A) The N-MORB is 
characterised by a positive slope, whereas the others, by a 
negative slope. The E-MORB, OIT and IRT are virtually quite 
similar in terms of the typical positive Nb anomaly, which 
also distinguishes them from the CT. Data from Holm ( 1985). 
Primordial mantle values after. (B) JYVR is similar in pat-
tern to the N-MORB, except its elevated Rb, Ba, K and Sr 
which could be due to secondary mobility. The other three 
samples of the Hainan Island resemble the E-MORB, OIT or 
IRT in terms of positive Nb anomaly and a positive slope. 
three samples show moderately enriched LREE 
patterns with large negative Eu anomalies, which do 
not resemble those of the Late Palaeozoic granites 
(Fig. 4). In the late Palaeozoic granites, LREE's are 
more enriched and Eu anomalies relatively smaller. 
Sm-Nd isotopic compositions 
Sm-Nd isotopic data are listed in Table 3. E( T) 
values are calculated using T = 330 Ma, the maxi-
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Fig. 6. (A) Zr-Nb-Y ternary discrimination diagram 
(Meschede, 1986) for basaltic samples of the Hainan bimo-
dal volcanics. MORB-mid-ocean ridge basalt and prefix N 
denotes normal type, prefix P denotes plume type; VAB-vol-
canic arc basalt; WPT-within plate tholeiite; WPA-within 
plate alkaline basalt. Basalts from eastern part of the volcan-
ics belts (see block dots) fall on the transitional zone between 
WPT and WP A, whereas JYVR from the western pan, plots 
in the N-MORB field. (B) Zr vs. Zr/Y discrimination dia-
gram (Pearce and Norry, 1979) for basaltic samples of the 
Hainan bimodal volcanics. WPB-within plate basalt; IAB-
island arc basalt. Basalts from the eastern part of the volcanic 
belt fall in the WPB filed, whilst, JYVR from the western pan, 
in the MORB field. 
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mum Rb-Sr isochron age obtained from the inter-
layered metasediments (Academia Sinica, 1986 ). 
As mentioned before, fossil evidence suggests that 
this age should closely approximate the true depo-
sitional age of the volcano-sedimentary sequence. 
Sample # 1, from western part of the volcanic belt, 
has the highest 147Sm/ 144Nd and 143Nd/ 144Nd ra-
tios, and corresponding f(T) value of +6.8, sug-
gesting a moderately depleted mantle source. Two 
other basalts ( # 3 and 4), both from eastern part of 
the belt, have relatively lower 147Sm/ 144Nd ratios 
but their positive f ( T) values ( + 6. 8 and + 7 .6, re-
spectively) are similar to that of sample# 1. Sam-
ples# 2 and# 9 has lowest 147Sm/ 144Nd ratios and 
negative f ( T) values among the basalts. 
Three rhyolites ( # 11-13) yield limited ranges of 
147Sm/ 144Nd (0.125-0.130) and negative f(T) 
values (-6.7--7.0), and corresponding Nd 
model ages (1.56-1.61 Ga), typical of continental 
crust. 
Petrogenesis and magma source 
Tholeiites. In discussion of geochemical varia-
tions and genetic relations of the basaltic rocks, the 
following processes need to be assessed. They are: 
( 1 ) crustal contamination, ( 2) source heterogene-
ity, ( 3) variable degrees of partial melting and ( 4) 
fractional crystallization. 
Sample # 1, from western part of the volcanics 
belt, has N-type MORE like chemistry, character-
ised by LREE-depleted pattern, high Zr /Nb, Y /Nb, 
Al 20 3/Ti02, Ca0/Ti02 and low La/Nb ratios. 
These features, combined with positive 1:( T) values 
( + 6.8), suggest its parental magma was derived 
from a moderately depleted mantle source without 
visible crustal contamination. Any crustal contam-
ination will tend to increase LREE and La/Nb and 
reduce Zr /Nb and Y /Nb, which is not observed. 
OIT-like samples# 3, 4, 10, from the eastern part 
of the belt, also have positive f ( T) values ranging 
from +4.8 to +7.6, which straddle the value of 
sample# 1. This similarity indicates that they were 
also derived from a depleted mantle source similar 
to that of sample # 1 without significant crustal 
contamination, although sample # 10 with lower 
t:(T) of +4.8 may contain a minor crustal compo-
nent. This argument is also supported by their con-
stant and low La/Nb ratios (0. 78-1.08 ), which are 
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similar to that of the sample# 1 (0.81 ). La and Nb 
have similar partition coefficients during both par-
tial melting and fractionation, and therefore La/Nb 
ratios directly reflect source compositions. For this 
reason, the La/Nb ratio is considered to be a useful 
indicator of crustal contamination (Thompson et 
al., 1984), since crustal contamination or subduc-
tion-zone metasomatism tends to raise La/Nb ra-
tios in the resultant magma. Thus, ifthe above sam-
ples are contaminated by crustal materials or 
modified by subduction-zone metasomatism, their 
La/Nb ratios should be much higher and more vari-
able than observed. In addition, crustal contami-
nation is likely to create a negative Eu anomaly in 
the resultant magmas and to reduce Ti/Yb and in-
crease K/P ratios (e.g. Leeman and Hawkesworth, 
1986; Carlson and Hart, 1987), features which are 
not observed in these samples. 
Both the LREE-depleted N-MORB-like (sample 
# 1) and the LREE-enriched OIT-like (samples# 
3-10) samples can be related by variable degrees of 
partial melting of similar depleted mantle sources. 
A smaller degree of partial melting may produce a 
magma with a LREE-enriched pattern, higher REE, 
Zr, Ti, Y, P and Nb abundances, and lower Zr /Nb, 
Y /Nb, Al 20 3/Ti0 2 and Ca0/Ti02 ratios, whilst a 
larger degree of partial melting may result in a 
LREE-depleted pattern, lower REE, Zr, Ti, Y, P and 
Nb, and higher Zr /Nb, Y /Nb, Al20 3/Ti02 and 
Ca0/Ti02 ratios (Sun et al., 1979). 
The genetic relations between the two types of 
tholeiites can be further characterised using Zr-Ni 
variation diagram (Fig. 7) of Condie et al. ( 1987). 
As shown in Fig. 7, tholeiites from eastern part of 
the volcanic belt are consistent with derivation by 
- 5% partial melting of a lherzolite source followed 
by 20% to > 50% fractionation of olivine. Whereas 
the geochemistry of the N-type MORB-like sample 
# 1 (No. 1 in Fig. 7 ), from western part of the belt, 
is consistent with - 20% partial melting of the same 
source followed by - 25% olivine fractionation. It 
must be noted here that this type of modelling only 
provides a general constraint on the geochemical 
trends for the resultant magmas. The uncertainties 
involved in the assumption of the mantle source, 
residual mineralogy, D values, subsequent petroge-
netic process (e.g. crystal fractionation involving 
other minerals) will have serious effects on the ac-
tual quantitative values derived from this type of 
modelling. 
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Fig. 7. Zr vs. Ni variation diagrams for tholeiites of the Hainan 
bimodal volcanics (after Condie et al., 1987). Symbols are 
defined in Fig. 6. Curve A is batch-melting curve at 1500° C 
( 1 atm equivalent) with degrees of melting marked in per-
cent. Curve B, C and Dare olivine fractionation curves with 
percent of olivine removal noted in 5% increments. Lherzo-
lite mantle source is assumed to contain 11 ppm Zr and 2000 
ppm Ni (after Condie et al., 198 7) and melting relations as 
given by Rajamani et al. ( 1985, fig. 7 ). 
Whilst the above geochemical trends and isotopic 
signatures are consistent with increasing degrees of 
partial melting of one uniform mantle reservoir 
rather than involvement of multiple mantle com-
ponents, it may be difficult to explain the contrast-
ing REE patterns, especially the large variations in 
La/Yb ratios, between the two types of tholeiites, 
in terms of simple batch melting mod~ls. However, 
such difficulty can be overcome if incremental or 
dynamic melting pr.ocesses, which are capable of 
producing larger variations among elements of dif-
ferent incompatibility than batch melting model, 
were involved (e.g. Hanson, 19 80; McKenzie, 
198 5) e.g. model calculation indicates that the REE 
patterns of the eastern belt tholeiites (samples # 3 
and 4 in Table 1) can be reproduced by 1-3% par-
tial melting of a pyrolite source (with a 2X chon-
dritic REE pattern) consisting of 55% olivine, 25% 
orthopyroxene, 18% clinopyroxene and 2% spinel if 
the crystal /liquid partition coefficients listed in 
Kelemen et al. ( 1990) are used. After extraction of 
this low degree partial melt, 10-15% further melt-
ing of the residual source would be capable of gen-
erating a melt with LREE-depleted pattern (LaN/ 
YbN=0.43-0.74) similar to sample# 1, leaving a 
lherzolite residue consisting of 69% olivine, 24% or-
136 
thopyroxene, 5% clinopyroxene and 2% spine! 
(Kelemen et al., 1990). 
Crustal contamination is evident in some sam-
ples. Typical examples are sample # 9 from the 
eastern part of the volcanic belt and sample# 2 from 
the vicinity of the Shilu Iron Deposit, western part 
of the belt. Sample # 9 displays an andesitic com-
position. It has much higher Si02 , Nd, Rb/Sr, K/ 
Na and K/P, much lower 147Sm/ 144Nd and nega-
tive f( T) value, implying significant crustal con-
tamination. The unusual chemistry in sample # 2, 
also points to strong influence by secondary pro-
cesses. Its concomitant high K/P, Rb/Sr, K/Na and 
Ba are consistent with this process. Its negative E ( T) 
values and strongly enriched REE pattern with a 
negative Eu anomaly suggest its trace element and 
Nd isotopic signatures have been dominated by ov-
erprints of crustal materials. 
Rhyolites. Geochemical features of the rhyolites, 
including high Si02 and Rb/Sr, and moderately en-
riched LREE patterns with pronounced negative Eu 
anomalies, suggest that they were not derived by 
fractionation of the basaltic magmas. Based on a 
geochemical comparison between the rhyolites and 
adjacent meta-sediments, Xia et al. (1991) argued 
that partial melting of such sediments at middle 
crustal levels with plagioclase and other middle 
REE-rich accessory minerals such as sphene and 
apatite will produce a magma with lower LREE/ 
HREE ratios and pronounced negative Eu 
anomalies. 
Based on detailed studies of Phanerozoic granites 
and sediments from the South China continent, 
demonstrated that all these rocks have invariably 
Proterozoic Nd model ages ranging from I to 2.5 
Ga with a mean of 1.54 ± 0.30 Ga, suggesting inten-
sive crustal recycling during Phanerozoic time. Us-
ing their database, we calculate the bulk values of 
the south China continental crust. They are: 
Nd=30± 12 ppm, 147Sm/ 144Nd=0.ll, ToM= 
1.54±0.30 Ga. Thus, the bulk t:(T) value of the 
south China continental crust at T = 330 Ma is - 6. 7. 
It is interesting that our rhyolite samples yield a 
limited range of negative f ( T) values 
( - 6. 7 ~ - 7 .0), which are consistent with the bulk 
value of the South China continental crust. There-
fore, it is argued that the parental magmas of the 
rhyolites from both parts of the volcanic belt were 
derived by partial melting of solely continental 
crustal sources, with middle Proterozoic crustal for-
331 
Z. FANG ET AL. 
10 (a) 
E 
w 
0 
Manllt ml!lt (lo"" dtgru) Marrtltmdt 
(high dtgtu) 
,:ve __ J_n_cr_ea_si_·n~g d_e~gr_e_e o~'f-­
parrial melting trend • 
_
5 ~i':"tl~~~o:':1~~~:~~~UST 
Cn.uUJJMLll 
-JO'-----------'-----~~----' 
0.0 0.1 0.2 
l/Nd (ppm) 
10 (b) Ma11tU me/J (J,ow dtfrTt) Man.tit mtll 
3~!.:.i ___ 1nc_n_as_in...;.g_d...:eg;,_re_•...:of __ 1h_.ith :: .•.. geu) 
""' 4 partial melling trend 
.... 
E 10 
mixing\e w 
0 
2 SOUTH CHINA. 
-5 ~CONTINENTA.LCRUST 
;,"3;13~ 11,12 
Cnutllimdl 
.JO'----~----'----~---'---~--~ 
0.10 0.15 0.20 0.25 
Fig. 8. E(T) vs. I/Nd (a) and E(T) vs. 147Sm/ 144 Nd (b) 
diagrams illustrating petrogenetic relationships among dif-
ferent types of volcanics from the Hainan Island. The fields 
of two types of mantle melts and one crustal melt, considered 
to be end-members, are shaded. The crustal melt may have a 
wide range of Nd abundance. The average continental crust 
of south China is also shown in both diagrams. Basaltic mag-
mas were derived from a depleted mantle source(s) with E( T) 
values of about + 7, whilst rhyolitic magmas, from continen-
tal crustal sources with E( T) values of about - 7. Uncontam-
inated basalts in the eastern part (e.g. samples# 3 and 4) are 
related to uncontaminated basalts in the west (e.g. sample # 
I ) by increasing degree of partial melting. Contaminated ba-
salts (e.g. samples# 2, 9, 10) fall on the mixing lines joining 
fields of the mantle-derived and crust-derived melts. The rhy-
olites were derived solely from the crustal melt and may have 
been modified by fractionation. Values for the average con-
tinental crust of south China are calculated after Jahn et al. 
(1990): Nd=30±12 ppm, 147Sm/ 1 .... Nd=0.JI and E(330 
Ma)= - 6. 7. Note solid symbols denote basalts whilst open 
symbols, rhyolites. Numbers near each symbol are sample 
numbers shown in Table I and Fig. 1. 
mation ages ( 1.56-1.61 Ga), consistent with the 
model of Xia et al. ( 199 la). 
In summary, the genetic relationships of the 
Hainan bimodal volcanics can be illustrated in Fig. 
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8. Parental magmas of the basalts were derived from 
a depleted mantle source with positive€ ( T) of about 
+ 7, whilst the rhyolites were produced by infra-
crusta1 melting of a continental crustal source with 
negative € ( T) of about - 7. LREE-enriched tholei-
itic samples(;: 3 and 4) can be related to the LREE-
depleted sample (# l) through increasing degrees 
of partial melting of the depleted mantle source. 
Samples :#: 9 and l 0 fall on the mixing line between 
the low degree mantle-derived partial melt and the 
crustal sources or melts. Sample # 2 probably falls 
on the mixing line between the high degree mantle-
derived partial melt and the crustal sources or melts. 
These three low € ( T) tholeiites samples therefore 
contain variable amounts of crustal contaminants. 
The geochemical features of the tholeiites show 
no evidence for mantle source heterogeneity. 
Implications for rifting tectonics and mantle 
character 
Earlier Jithostratigraphic and structural studies 
have demonstrated that the Shilu Group including 
the bimodal volcanics could represent a rifting-re-
lated sequence (Xia et al., 1991 a,b). The rifting 
system is considered to be dominated by the move-
ment of several E-W trending deep faults (see Fig. 
1). The basal units of the Shilu Group were com-
posed mainly of immature flysch facies sediments. 
Depositional facies investigation indicates that these 
sediments were derived from N, Sand E directions 
and the depressiona1 basin was open to the W (Xia 
et al., 1991a,b). The fact that deposition offlysch 
sediments occurred prior to the eruption of the bi-
modal volcanics suggests that depressiona1 rifting 
preceded volcanism, which is consistent with pas-
sive rifting models (e.g. McKenzie, 1978). 
The geochemical and Sm-Nd isotopic character-
istics of the bimodal volcanics provide further evi-
dence for rifting related tectonics. In addition, these 
volcanics also display some distinct character which 
provides new constraints on the structure and sig-
nature of subcontinental mantle reservoirs. 
Magmatism in modern rifting tectonic environ-
ments, e.g. Eastern Africa, Red Sea, Ethiopia, Rio 
Grande, appears to start with alkali basalts with en-
riched characteristics. Only during the most exten-
sive rifting stage do tholeiites with depleted signa-
tures emerge (Wilson, 1988, pp. 325-374, for 
review). There seems to be a progressive variation 
from lithosphere-dominated partial melting to as-
thenosphere-dominated partial melting during the 
evolution of continental rifting systems (Hart et al., 
1989; Altherr et al., 1990 ). However, recently plume 
models were also proposed for the origin and evo-
lution of many modern rifting systems, e.g. the Red 
sea-Afar region, in which the LIL and HFS en-
riched alkali basalts were considered to be derived 
from plume source rather than the subcontinental 
lithospheric mantle (Barrat et al., 1990). 
In the Hainan bimodal volcanics, no typical al-
kali basalts with enriched mantle character have 
been observed, although some of the samples ana-
lysed are geochemically transitional to the alkali ba-
salts from the Massif Central in France ( Chauvel 
and Jahn, 1984 ). Systematic lateral geochemical 
variations are indeed recognised in the basalts of the 
Hainan Island, which suggests rifting in the western 
portion was probably more intensive than in the 
eastern portion. However, basalts from both re-
gions possess the same Nd isotopic signatures and, 
as discussed before, they were more likely to be de-
rived by different degrees of partial melting of a 
uniform (or similar) depleted mantle source ( s), 
rather than implying two distinctive mantle com-
ponents (a plume-related OIB component and a de-
pleted N-MORB component). 
However, the absence of enriched mantle sources 
in the Hainan Island basalts can be explained in 
terms of passive rifting models. In study of rifting 
tectonics, two distinct continental rifting mecha-
nisms have been developed, i.e. active rifting in-
duced by asthenosphere or hotspot upwelling (Sen-
gor and Burke, 1978) and passive rifting induced 
by differential stresses in the lithosphere (Mc-
Kenzie, 1978; Buck, 1986). In an active rifting pro-
cess, lithospheric thinning is caused by thermal ero-
sion and/or conversion and the basaltic magmas 
could be derived exclusively from the pre-rift lith-
osphere or chemical interaction (mixing) between 
asthenospheric and pre-rifting lithospheric mantle 
material. In a passive rifting process, continental 
extension is caused by pure shearing and the sub-
continental lithosphere is physically replaced by as-
thenospheric material and therefore the basaltic 
magmas may be directly derived from asthenos-
pheric mantle without significant contribution from 
the lithospheric mantle material. 
Another feature of the Hainan bimodal volcanics 
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is that both OIT-like and N-MORB-like rocks have 
similar ENct ( T) values, all of which are slightly lower 
than that of the typical N-MORB mantle at 330 Ma 
(about + 8 to + 9). This could be due to possible 
incorporation of an isotopically enriched litho-
spheric component which has been well mixed with 
the dominant asthenospheric component in the 
source prior to partial melting. Upwelling asthen-
ospheric mantle may thermally erode ductile litho-
spheric mantle and the mixture could be homogen-
ised during partial melting (Bohannon et al., 1989). 
In summary, it is proposed that a moderately de-
pleted subcontinental mantle may have existed un-
der the Hainan Island during and before Carboni-
ferous time. Extensional stress in the Hainan Island 
triggered passive rifting of the lithosphere and up-
welling of the depleted asthenospheric mantle. 
Variable degrees of decompressional partial melt-
ing of this depleted upwelling mantle may have pro-
duced the parental magmas of the tholeiites. Heat 
influx provided by the upwelling mantle and the as-
cending tholeiitic magmas may have caused partial 
melting of a continental crustal segment and yielded 
the rhyolitic magmas. The interlayering of both ba-
saltic and rhyolitic lavas may be related to rifting-
induced decompressional pulses. Anomalous heat-
flow produced during the development of the rift-
ing system may also have subsequently metamor-
phosed the pre-Mesozoic supracrustal sequences. 
The occurrence of N-MORB-like basalts in the 
western part of the volcanic belt suggests a small 
oceamc basin may have been developed in this 
region. 
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APPENDIX 14A 
PROVENANCE OF SEDIMENTS FROM THE AMADEUS 
BASIN, CENTRAL AUSTRALIA: Sm-Nd CO:'\STRAINTS 
J.X. ZHAO & M.T. McCULLOCH, Research School of 
Eanh Sciences, Australian National Universiry, Canberra, Australia 
The Amadeus Basin is a late Proterozoi::: to Phanerozoic ensialic 
depositional basin, located berween rwo Proterozoic basement terrains of 
different crustal formation ages, the older Anmta Block (2.0 - 2.2 Ga) ro 
the north and the younger Musgrave Block (1.7 - 1.9 Ga) to the south. 
Sediments analysed have a '1.ide range of fSm/Nd from -0.31 IO -0.61, 
inespective of grainsize and rock types. Their £Nd(O) values range from 
-21.2 to -14.2 and their £Nd(deposition) values, mostly from -8.3 to 
-113. The calculared T DM values for samples from the same stratigraphic 
unit are well correlated '1.ith fSm/Nd, with samples of different 
stratigraphic units forming sub-parallel arrays. 
These phenomena are interpreted in terrnS of REE fractionation and 
preferential sorting of REE-rich phases during sedimentary recycling. 
This process leads to either an increase or a decrease in fSm!Nd of a 
sediment relative to its provenance. Therefore, a method is develope;:i, 
which can be used for estimating average provenance age and average 
REE fractionation age of a stratigraphic unit, assuming the average f'Sm'Nd 
value of the source is known or can be estimated. The average 
provenance age for e.ach stratigraphic unit of the Amadeus Basin has been 
calrnlated using this method. 
The Nd isotopic data indicate the Amadeus Basin sediments are 
dominated by a two-source mixing provenance, which is probably related 
IO the older Aruma ( fSm/Nd - -0.42 and ENd(O) - -20.4) and younger 
Musgrave Blocks ( fSmtNd - -0.40 and ENd(O) - -14.7) and/or their 
equivalents. Almost all the analyses fall into the region defined by the 
rwo basement block traj=ories. Srratig:raphically younger sediments plot 
closer ro evolutionary trajectory of the Musgrave Block. This result, 
10gether with the average provenance ages estimated above, indicares the 
proportion of material from the Musgrave Block increases as sediments 
become srratigraphica!ly younger. The Nd isotopic data preclude a 
substantial involvement of Archaean sources. 
Nd isotopic features of the Amadeus Basin sediments suggest that: 
(I). REE fractionation during sedimentary recycling can in some cases be 
an imponant factor and needs to be considered; (2). the provenance of 
Amadeus Basin sediments is controlled by its local source regions, which 
mitigates against the use of Nd constraints from platformal elastic 
sediments for generalised models of crustal evolution. 
APPENDIX 14B 
A 7.19 GEOCHEMICAL AND ISOTOPIC STUDIES OF 
PROTEROZOIC MAFIC DYKE SWARMS IN CENTRAL AUSTRALIA 
Jian-xin Zhao1*, Malcolm T. McCulloch1, and Alfredo Camachol,2 
1 Research School of Earth Sciences, Australian National Universiry, Canberra 
2N.T. Geological Survey, Alice Springs, NT 0871, Australia 
336 
Mafic dyke swarms of middle to late Proterozoic 
age occur in central Australia, as the result of post-
tectonic continental extension events (Parker et al. 
1987). Among them, the Stuart Dyke Swarm (SDS) 
in the Arunta Block, the Kulgera Dyke Swarm (KDS) 
in the eastern Musgrave Block and mafic dykes in the 
Amata area, central Musgrave Block have been 
investigated in terms of major, trace and rare earth 
elements and Sm-Nd isotopic compositions. Rocks of 
the KDS, the SDS, and to a lesser extent., the dolerite 
dykes in the Amata area arc relatively 
unmetamorphosed and undeformed with ophitic 
textures being clearly preserved. The SDS and KDS 
appear lO represent the last magmatic intrusions in 
each block which predate the onset of the Amadeus 
Basin sedimentation. 
samples and their respective mineral separates are used 
for isochron regression and the age results are listed 
below: 
Sm-Nd isotopic analyses for a number of dolerite 
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Table: Summary of Sm-Nd mineral isochron data for mafic: dyke swanns rn cenrral Austral12 
Sample Points Assemblage Age (Ma) (±2cr) Initial ENd Mcxiel MSWD 
Stuart Dyke Swarm. southern Arunta Block 
89-506 6 3cpx+2plag+ 1R 
89-4 74 3 cpx+plag+ 1R 
Kulgera Dyke Swarm. eastern Musgrave Block 
1-3 6 3cpx+2plag+ 1R 
1-3 4 3cpx+ 1R 
1061±36 
1049±94 
1121±42 
1076±49 
-7.8±0.8 
-6.6±2_2 
+0.5±1.3 
+1.0±1.6 
3 
3 
1.10 
0.57 
1.71 
LOO 
Dolerite dykes in the Amata area. central Musgrave Block 
87-497 3 Cpx+plag+ 1R 790±40 +4.1±0.9 
+2.5±1.2 
0.37 
0.02 87-504 3 cpx+plag+1R 797±49 
The consistent age results from two samples of the 
SDS are substantially older than the Rb-Sr mineral 
isochron age of 897±9 Ma as previously reponed by 
Black et al. (1980) for the SDS. Tne 1121±42 Ma 
age for the KDS sampie is slightly older. however. the 
removal of the two less precise plagioc:lase data (due to 
extrern ely low REE abundance) from regression 
reduces the age to 1076±49 Ma, which is consistent 
with both its Rb-Sr \YR-mineral -mesostasis isochron 
age of 1054±14 Ma reported by Camacho et al. (1991) 
and the above Sm-Nd age for the SDS. Considering 
the immobile nature of REE during low-grade 
metamorphism and the Model One nature of the 
isochrons, the above Sm-Nd ages for both swanns are 
interpreted as the crystallization age of the dykes. 
Tnese ages are also similar to the Rb-Sr isoc:hron ages 
of the Beda Volcanics at the base of the Adelaide 
Geosyncline and the Gairdner Dyke Swarm in the 
eastern Gawler Craton, both of which are considered as 
representing the earliest phase of intracratonic 
extension associated with the formation of the 
Adelaide Geosyncline (Parker et al., 1986). 
The two spatially widely separated samples from 
the Amata area give consistent, but surprisingly 
younger ages. These ages could record either another 
episode of magrnatism, or a later metamorphic event 
in the Musgrave Block. However, the consistency of 
the two ages, the intact magmatic textures displayed 
by the two samples, combined with its unique 
geochemical features distinctive from either the KDS 
or the SDS indicates the first case is preferred. It is 
tempting to note that these ages are consistent with U-
Pb zircon ages of 802±10 Ma obtained for the Rook 
Tuff in the Adelaide Geosyncline (Fanning et al., 
1986). 
Major and traee element data for the SDS and KDS 
show tholeiitic affinities with pronounced depletion in 
Nb, Zr, Ti, Y and high contents of MgO. Their 
HREE patterns are relatively flat (GdN/YbN = 
0. 91-1.28), with slight but variable enrichment in 
LREE (LaN/SmN = 1.22-2.19). In comparison, the 
SDS is higher in MgO and lower in Sr than the KDS. 
Three sarnpies of the SDS yield a range of E(l061 Ma) 
values from -5.12 to -7.45, which appear to be 
correlated with Nd concentrations and 14ism1144Nd 
rauos. three samples of the KDS have remarkabi; 
identical E(l076 Ma) values of +0.11 LO +0.54. which 
are much higher than those of the SDS. Four samples 
taken from the Amata area, central Musgrave Block 
display smooth, negatively sloped REE patterns with 
LaN/SmN = 1.18-1.4/ and GdNIYbN = 1.46-1.62. 
Their corrt:spond.ing E(800 Ma) values range from 
+2.55 - ~.27, whilst the E(1076 Ma) values, from 
+3.65 - +5.15. These features displayed by the 
Amata rocks are clearly distinctive from those of the 
KDS, suggesting a different source and petrogenesis. 
Combined geochemical and isotopic evidence 
indicates that the parental magma of the SDS was 
derived by partial melting from a chemically 
refractory, but isotopically evolved subcontinental 
lithospheric: mantle source, which was subsequently 
contaminated by continental crust material during 
crystallization. The contemporaneous KDS has similar 
geochemical features to the SDS, however, its magma 
sources appear to be more depleted in terms of Nd 
isotopes. At this stage it is still difficult to envisage 
the possible source components and processes of 
magma genesis for the KDS. However, it is tempting 
to note that the more positive c:(T) value of the KDS 
could be related to a much younger subcontinental 
lithosphere under the Musgrave Block than that under 
the Arunta Block. 
The unique features such as extremely low HFSE 
and high La/Nb and Zr/Nb displayed by both swarms, 
especially the SDS (La/Nb - 9 and Zr/Nb - 65) cannot 
be explained by crustal contamination. We explain 
these features as due to the lithosphere having been 
previously metasomatised by HFSE-depleted slab-
derived fluids/melts during earlier stage subduction 
processes (e.g. 1.7-1.8 Ga for Arunra Block). 
The much younger dolerite dykes in the Amata 
area, central Musgrave Block are related to a depleted 
ast,henospheric mantle source with individual rocks 
being variably contaminated by crustal material during 
crystallization. 
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APPENDIX 14C 
Geochemical and isotopic study of granites 
in the Arunta Inlier, central Australia: 
implications for Proterozoic crustal 
evolution 
J .-X. Zhao, M. T. McCulloch and R. G. 
Warren 
The Arunta Inlier. the largest in central Australia (-200,000 km 2), 
is situated on the southern margin of the early Proterozoic Northern 
Australian Orogenic Province. Systematic geochemical variations 
are observed rn granites from the Arunta Inlier. Overall. 20 granite 
suites identified are classified into three broad geochemical groups. 
a high-Na, Sr calcalkaline-trondhjemitic group (CAT). a .. normal"' 
granite group. and a high-heat-production group (HHP). The CAT 
group occurs only in the southern and southeastern margin. and 
consists of two subgroups. i.e. gabbro-diorite-tonalite-trondhjemite 
suites analogous to modern continental margin calcalkaline 
intrusions, and tonalite-trondhjemite-granodiorite suites similar to 
Archaean TTG suites. The HHP group is confined mainly within 
the northwestern inland section. where it intrudes coexisting normal 
granites. It is exceptionally enriched in Th, U. K. Rb. Pb and 
LREE and depleted in MgO. CaO, Ba and Sr. The above 
geochemical diversity suggests that the Barramundi Igneous 
Association is insignificant in the Arunta Inlier. 
Although geochemically diverse. the Arunta granites are 
relatively uniform in terms of Nd isotopic signatures. Most of the 
granites analysed yield T~~ model ages ranging from 1 ·95-2·35 Ga, 
which are significantly older than those obtained from the Musgrave 
Inlier to the S. suggesting two disunct provinces forming during 
separate crustal formation events. 
It is considered that the inland section of the Arunta Inlier was 
dominated by plume-driven ensialic rifting processes. while the 
southeastern margin was controlled by subduction-driven plate 
tectonics. The origin of the CAT group is related to the subduction 
processes. The normal granite group was derived by partial melting 
from a plume-derived mafic underplate. The younger HHP group 
was generated by partial melting of the normal group during 
anorogenic events. 
